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ENGLISH LITERATUEE.-~-CHAPTER IV, 

OHAUOEE’s life ANB works — OANTERBKRY PILORIMS — LYD- 
GATE. AND OOOLSVE — -PROSE WRITERS: PECOOK, POBTBSOEE, 
MALORY, OAXTON. 

Ralph Higdbn, in the middle of the fourteenth century, 
distinguished three forms of English speech — Southern, 
Middle, and Northern. There were real grounds for this 
statement. In pronunciation, vocabulary, and grammatical 
inflexions there were differences in the habitual language of 
these parts which justified Higden’s clear-sightedness. The 
lyrical ballads of Minot, and the grave homiletics of the 
flampole hermit, both belong to the Northern and harsher 
ciialect. To the East Midland the great romance of Alex- 
ander’^ belonged, as did also Robert Manning of Brunne’s 
Handlyiiig Sinne.” This Lincolnshire bard has been styled 
byT.^L. K. Oliphant the patriarch of the New English.” 
Certain it is that in the transition of speech from Saxon to 
Sliakspearian English the Midlands have exerted great 
influence. But the Father of English Poetry, a title 
universally recognized as Chaucer’s own, was a Southern. 
He is “ our Helicon’s first fountain stream, our morning star 
of song.” In his works there is, indeed, written for our 
learning — , 

“ Enough, both small and greate, 

Of storial thing that toucheth gentilesse, 

And eke morality and loveline sse.” 

He is a man so shrewd, graceful, and humorous; so manifold,- 
genial, and broad; so sound in morals; so rich in wisdom; so 
prudent yet unprudish; in taste so true; so wise and solid in 
character; so firm in his hold on the business of life; so real 
in his apprehension of all that marks man’s life out as worthy 
of interest — goodness and godliness— that he is in himself an 
epitome of literature. The infinite variety of changeful life 
is in his poems. In them the England of Edward III. and 
Richard II. is photographed for ever. He welds Saxon 
and Norman words into oneness of power and purpose, as 
events had welded Saxon and Norman into unity of nation- 
ality and life. The English language, not by act of Parlia- 
ment only, but by the might of a poet’s mind, was enfran- 
chised, set free in court, school, and public place. Living in 
a stirring and brilliant period, he added the lustre of poetry 
to the glory of England’s arms and the renown of the legis- 
lation of ‘^the good Parliament,” while he brightened for ever 
the speech of England with the splendour of song. 

Geoffrey Chaucer was the son of John Chaucer, vintner, 
Thames Street, London, and of Agnes his wife. The date 
of Ms birth is uncertain. Though by Speght it is given as 
1828, by some modern critics 1340 is regarded as a more 
probable date. The latter is inferred from the fact that in 
a deposition made by him in a lawsuit, in 1386, Chaucer 
declares formally that he was forty years of age and upwards, 
and had borne arms for twenty-seven years. Though Gower 
speaks of him in 1392 as “now in his days old,” Occleve 
calls him “father reverent,” and Leland tells us “ he lived to 
the period of gray hairs, and at length found old age his 
greatest disease,” while Chaucer himself says that he is 
grown old and milusty, yet 1340 seems to be now regarded 
as the more probable birth-date. No traditions of Ms early 
years have reached us. Geoffrey Chaucer, as a boy, went no 
doubt to some school in the neighbourhood of Ms father’s 
hostelry, and he not improbably often replenished the citizens’ 
cups from the draught- wine in the cellar. Leland thought 
that the poet had studied both at Oxford and Cambridge. 
His fatlier appears to have had a connection with the court 
of Edward III., and Cliaucer probably attended that king, 
and Ms Queen Philippa, to Flanders and Cologne as a page. 
In April, 1357, he appears to have entered as an attendant 
servitor into the service of Elizabeth, wife of Lionel, duke 
of Clarence, third son of Edward III., for “an entire suit of 
clothes, consisting of a paitock (a short cloak), a pair of red 
and black breeches, with shoes [was then] provided for 
Geoffrey Chaucer,” and several other entries concerning 
supplies for Mm appear in some fragments of the house- 
hold accounts of the princess for that year. As court 
lacquey he may have been present at the brilliant csoiirt 
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entertainment called “the Great Feast of St. George’s,” 
given in 1358 by Edward III. to John the Good, king of 
France, and his sister; Joan, wife of David IL of Scotland; 
the King of Cyprus; the queen-mother Isabella, and others. 
It was in such service that likely-looking lads learned court- 
esy, the practise of arms, some arts of usefulness, and a 
knowledge of affairs. Here he saw life in its various phases, 
and observed the habits of the most distinguished men and 
women of that age. As a young man of nineteen he, having' 
joined the army of Edward III., took part in , the invasion 
of France, 1359, was taken prisoner at the siege of Rhetiers, 
and ill' 1360, on the king’s paying £16 of ransom for Mm, 
he was set free under the great peace of Bretigny. , He was 
appointed, in 1367, a gentleman of the bedchamber, to which 
a life-pension of twenty marks per annum was attached, and 
in the same year he married Philippa de Roet, the daughter 
of a Flemish knight, Sir Payne de Roet, Guienne kingmf 
arms. In 1366 Philippa Chaucer, the queen’s namesake and 
attendant, had conferred on her by her mistress a pension 
of ten marks a year, and on Ms consort’s death, 1369, 
Edward III. reconfirmed the grant. Her sister Catherine 
became the tMrd wife of John of Gaunt, who was Chaucer’s 
life-long patron. During the next ten years he was engaged 
in seven diplomatic missions. In one of these he was sent 
(1373) to Italy; wliile there he visited Florence, Genoa, and 
Padua, and at Arqua met Petrarch, from whom, it is said, 
he heard the story of “ Patient Griselda.” He was, in 1374, 
appointed comptroller of the customs and subsidy of wools, 
skins, and leather, in the port of London; received a 
pension of £10 per annum for life from the Duke of 
Lancaster; and on 10th May of that same year leased a 
house above Aldgate from Adam de Bury, mayor of London. 

In 1375 he was made custodier of the lands and person of 
Edmond Staplegate of Kent, for wMch he received fees of 
wardship and marriage. Next year he was, with John 
Burley, employed in the service of the crown, and was 
associated with Sir Thomas Percy (afterwards Earl of Wor- 
cester) in a secret mission to Flanders. He was also co- 
agent with Sir Richard Stiirry and Sir Guichard d’ Angle 
(Earl of Huntingdon) in framing a treaty of peace with 
Charles lY., and negotiating in 1378 a marriage between 
Richard, prince of Wales, and Mary, daugliter of Charles 
the Wise. On this latter mission he was despatched again, 
after the accession of Richard II. On Ms return he was 
sent to Lombardy on state affairs, and then he appointed 
Ms fellow-poet, John Gower, to be trustee for him in all 
legal affairs. In recognition of these services Chaucer was 
made, in addition to Ms former office, comptroller of the 
petty customs of London, with the privilege of appointing 
a deputy. As a knight of the shire of Kent, Chaucer sat in 
the Parliament of 1386; but having displeased the Earl 
of Gloucester he was removed from his offices, and fell into 
poverty. His wife died in 1389. On the re-attainment of 
power by the Lancastrians, Chaucer was chosen clerk of the 
king’s works at Westminster and Windsor. Not long after- 
wards he was superseded, and required to fall back on some 
small pensions for subsistence. For a time he was apparently 
in distressed circumstances and in ill-health. He obtained, 
1394, a grant of £20 per annum from Richard II., and four 
years thereafter letters of protection from suit or arrestment 
were issued in his favour. Within four days after his acces- 
sion, Henry lY. (Bolingbroke), touched by the quaint humour 
of the “Complaynte of Chaucer to his Purse,” doubled his 
pension. On Christmas, 1399, he signed a lease for fifty-one 
years for a house in the garden of the chapel of St. Slary, 
Westminster, and there on 23rd October, 1400, he died, 
leaving one son, Thomas, who ultimately became very wealthy, 
and was elected Speaker of the House of Commons. His 
other son, Lewis, had long predeceased him. His daughter 
married De La Pole, duke of Suffbllc. 

Such are the main facts of the external life of the poet, 
whose gracious and happy nature has given him so lofty a 
place amung the producers of imaginative literature. Dryden 
characterizes his writings as “ a perpetual fountain of good 
sense.” Wholesome thought and Horatian good humour, 
combined with living seriousness and loving serenity, charac- 
terize his productions. They are of all sorts, from rondels 
37—38 
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and 'ballads to translations and transcripts, and from these 
to fine clear-sighted realizations of the world around him 
and the. people who moved through its scenes. In' the rich 
yet easy rliythrii of a sympathetic nature he has im.mortalized 
the creatures of a day ivlio had the .happiness to live in the 
eye-glance of the poet. 

Of the poems of Ills preiitice-tirne, we need only make 
mention. Few except zealous students of England’s early 
literature wdli care to read through the long translation of 
the allego.iical ‘‘Romaiint of the Hose” — abbreviated and 
improved though it b.as been by Chaucer. The Assembly 
of Eowles” orh‘ Parliament of Birds” — ^an English setting of 
a fabliau or metrical tale, of wiiich there are three forms, 
Hiie.liiie et Eglantine,” Le J iigeiiieiit d’ Amour,” and 
“ Florence and Biancheflores” — though glorifying St. Valen- 
tine’s Day, and having many line lines in its hundred hepta- 
sticlis, would scarcely engross general attention. The Boke 
of the Ducbesse,” on the death of Blanche, diichesse of Lan- 
ca^ster, and partly founded on Blachault’s “ Dit de la Fortune 
Amoreiise,” is authenticated by mention of it as his in the 
prologue to the Man of Laws’ tale : 

“ In youth he made of Cyes and Alcyone.” 

It has some fascinating verses. Chaucer’s A B 0 is a 
version of De Giiilieville’s alphabetic exposition of The 
Prayer of Our Lady.” Of the poems of liis maturer years, 

“ Troilus and Cressida” is, for the most part, a translation 
from Boccaccio’s Filostrato.” The “ Court of Love” is the 
most musical of Chaucer’s metrical works. “ The House of 
Fame” is a vision of the intellectually glorious, and is the 
best evidence of Chaucer’s discursive powers, singular humour, 
and wide reacEng. Of the later poems, “The Legende of 
Goode Women,” celebrating the nine saints and martyrs of 
love, the materials are chiefly taken from Ovid. But it is in 
the “ Canterbury Tales,” that best of all reproductions of the 
life of the fourteenth century, that the genius of Chaucer 
shines out most respiendently. It is a gallery of portraits 
pre-eminently matchless for truth, clearness, and reality. 

The setting of the “ Canterbury Tales” is dexterously ar- 
ranged. At the Tabard Hostelry, situated in the High 
Street, Southwark — then the great outlet from London to the 
southern ports, and the course of the main liighway leading 
thence into tlie divergent roads of Surrey, Sussex, and Kent — 
in the month of April, Chaucer “ lay ready to weiiden” on a 
pilgrimage to Canterbury, together with “ nine and twenty in 
a company of sundry foUc,” who also found entertainment 
under the roof of Harry Bailly,* the host, “ a seemly man.” 
The poet soon got into fellowship with all “that toward 
Uanterbmy wolden ryde,” and he considers it right to tell us | 
who, and of wliat degree, each was. He begins by describing ' 
a knight, “evere honoured for his wrorthinesse,” who liad been ' 
at fifteen battles. ' 

‘‘ And tho’ that he was worthi he was wyse, 

And of his port as meek as is a m.ayde. . , . 

He was a veray perfit gentil knight.” 

He was accompanied by his son, about twenty years of age, 
as Ms squire. The latter was 

“■ A lovyere and a lusty bacheler, . , • 

Embrowded was he, as it were a mede. 

All ful of fresche floures, white and rede, 

Syngynge he was or floytynge all the day, 

He was as fresche as is the month of May . . . 

Schort w'as his gowne with sleeves long and wyde , . , 

Curteys he was, lowly and servisable.” 

A yeoman acted as the knight’s servant. He was “ clad 
in coate and hood of greene.” 

“ A nuthead had he with a broun visage, 

Of woodcraft could he well all the usage.” 

A smiling nun, a prioress, “ cleped Madame Englentyne, 
highly accomplished, though lier French was rather of 
Stratford-atte-Bowe than of Paris, of pleasant manners, ob- 
servant of table-etiquette,” was there. She w'as full statured, 

* A Harry Baily or Bailly, who was the keeper of a hostelry in 
Southwark, sat as the representative of that borough in the Parlia- 
ments of Edward III. and Richard IL 


seemly in dress, “'hire eyen, greye as glas/’ gleamed from 
under a fair forehead almost a span broad, her nose was 
well shapen, lier mouth full small, soft, and red. Along wit.h 
her was another nun and tliree priests, with iiotliiiig ap- 
parently remarkable about them. Fext a iiioiik — “ a maniy 
man, to ben an abbot able” — is described. He had many a 
dainty horse, was' fond of iiuntirig, seli-induigent, not given 
to reading, 'and Ms vows sat iigiitl)? on hiiii. 

“ 1 saw his sleeves purfled .at the hoiide 
With aud that the finest of the lande ; [grej' fur] 

And for to festea his hood under his chin 
He had, of gold y-wronght, a curious pin : 

A love-knot in the greater ende there was, 

His head was bald, and shone as any glas, 

And eke his face as lie had been ai.iointe, 

He was a lord ful fat a.iid in good point, 

His eyen Steep and rolling in hi.s iu'-iuh" 

A friar — a wanton and a merry, a liinetoiir. i.e. one licensed 
to beg aims witliin a certain district, very (air-s|)okeu, and 
peculiarly adi'oit in managing aO sorts of people — is thus 
portrayed:— 

‘‘ His tippet was &je f arsed ful of kiiyfes, [stuffed] 

And pinnes for to give fair wfifes. ... 

His neckke white was as the fleur-de-Iys. . « . 

Thereto he strong was as a champlonn, 

He knew the taverns well in every town. . » ' , 

Of double-worsted was his semi-cope, 

That rounded as a bell out of the pn^sse. 

Somewhat he lispede for his wanton esse, 

To make his English swmete upon his tongue, 

And in his harping, whan that he had suuge, 

His eyen twinlded in his head aright, 

As don the stemes in the frosty night,” 

A merchant who traded “ betwixt Middlebiirg mid Orwell,” 
the river on wliich Ipswich and Harwich are situated, there- 
after stands before us “ with a forked beard,” ' dressed' in 
motley, ha\ung a Flaiider’s beaver-hat upon Ms head, and lii.« 
feet encased in boots “ clasped fair and fetvsly.” He was 
shrewd on Ciiange. 

“ This worthy man full well his wits Msette, [busied] 

There wist no man that he was in debte. 

So estately was he of giweriiance. 

With his bargains and his chevysaimse.'' [agreement] 

Amongst the number, “a clerk there was of Oxenford 
also,” whose horse was lean; himself lean, lioliow-eyed, aurl 
threadbare, unworldly, and therefore unbenefieecl 

For him would rather have at his bedde's licad. 

Twenty books, clad in black or red, 

Of ArisioUe and his philo.Mtphie. 

Thau robe.s rich or fiddle or g.-iy psaiterits . , . 

Of sludie lie took most care and m-osr heed, 

Not one word spake he more than was need.” 

A sergeaiit-at-law, cautious and wise, well empdoyed tin a 
well paid, forming a contrast as he stands in his homely eojii 
of mixed stufl', fastened with a silk girdle ; 

“ Nowhere so busy a man as he there uas — [was not'} 

And yet he seemed busier than he was;” 

and a sanguine compiexioned franklin, whose beard was 
white “ as is the dayesye,” so much of a gluttonous man and 
a winebibber tliat he “was Epicurus’ owiie sonne,” who had 
held several public offices, are next introduced. To tliem 
succeed 

An haberdasher and a carpenter, 

A webbe, a dyere, and a tapiser, . . 

Well seemed each of them a fair bm-gess. 

To sitten in a guildhall on a dais, 

Eveiyone for the wisdom that he cun, 

Was shapely for to be an alderman.” 

They had with them a cariker-skinned cook, who liked a 
di’aught of London ale. Besides being a capital hand at 
making “blankmanger” (blauc-mange), 

He could roast, and seethe, and broil, and. frie, 

.Makin mortreux^ and well bake a pye.” [soup] 
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“ A sMpm&ii was tliere,” also from' the west — perhaps Dart- 
mouth. Though 

“ Of nice conscience tooke he no keepe, . * « 

He knew all the havens, as they were, 

From Gothland to the Cape of Finisterre, 

. And every creek in Britayne and in Spaine! 

His barge y-cleped was the Magdelaine.” 

Of a “doctor of physic” we have an exquisite portrait: — 

“ He knew the cause of every rnaladie, 

Were it of heat or cold, or moist or drye, . . ' • 

His studie was but little on the Bible, 

In sanguine and in pers he clad was all, 
lined with tatieta and with sendal, . » . 

. . . Gold in physic is a cordial, 

Therefore he loved gold in special.” 

A goodwife of Bath, ' next presents herself. , She is “ some 
deal deaf,” clever, vain, daintily di'essed. 

“ Bold was her face, and fair and red of hue, 

She was a worthy woman all her life, 

Husbands at church door hadd^ she five, ... 

And thrice had she been at Jerusalem, . . . 

Gat-toothed was she soothly for to say.” 

“A poor parson of a town” is thereafter limned. He is a 
good man, rich in holy thought and work — 

“ He was also a learned man, a clerk 
That Christe’s gospel trewely wold preach, 

His parishens devotely would he teche. 

Benigne he was and wonder diligent, 

And in adversitie ful patient. . . . 

Wide was his parislie and houses far asunder, 

But he ne lafte not for raine ne thunder, 

In sicknesse nor in mischief to visite 
The farrest in his parish — rnoch and lite 
Upon his feet and in his hand a staff. 

This noble example to his sheepe he gaf, 

That first he wrought and after that he taught. . . • 

He waited after ne pompe ne reverence, 

Ne maked him a spiced conscience, 

But Christens lore and his apostles twelve 
He taught, and first he followed it himselve. 

With him there was a ploughman — his brother, 

That had y-led of dung ful many a fother, 

A trewe swinkere and a good was he, 

Living in peace and perfect charity. 

God lovede he best, with all his true herte 
At all times, though him gamede or smerte, 

And thenn his neighbour rightd as himselve. ... 

There was also a reeve and a millere, 

A sompnour and a pardoner, also 
A manciple—- and myself — there were no mo.” 

These different persons met at the Tabard Inn under the 
host — in whose portrait many critics believe Chaucer has 
sketched for us himself. We are inclined rather to think 
that a good many of the main traits are those not of the 
poet, but of his father the vintner. It runs thus: — 

“ A seemly man our hoste he was witimlle, 

For to have beene a marshall in a haiie ; 

A large man he was, with eyen steepe, 

A fairer burgeys was there none in Chepe ; 

Bold of his speeche, and wise, and •well y-taught, 

And of manhoode he lackede him naught, 

Eke thereto he was righte a menwe man.” 

In his mirth, among other things, he proposes that, to 
lighten the way, they should each tell two stories on the road 
to Canterbury, and two on the return journey. As there 
were thirty- two pilgrims in all, and each was to tell four tales, 
provision was made in the framework for 128 stories alto- 
gether. Of these, however, only twenty-four remain. The 
whole plan of the work was never completed, and it stands at 
the head of the “storial” rhymes of our literature a mighty 
fragment of a wonderful design. For the realization of such 
an elaborate production life was too shoit, and, perhaps, 
human imagination too limited. The proposed series of 
stories was not even “ left half told ” but what he has “ com- 
mitted to the care of time” is only excelled in its versatility 
and power of showing the “ form and pressure” of life by that 


unsurpassable one who “ first exiiaiisted worlds , and ' tlien. 
imagined new.” The prologue we may regard as pretty 
nearly complete. Part only of the journey to Canterbury is 
given; we have no account of the transactions at A’BeckePs ; 
shrine, none of the homeward way or the tales that enlivened 
the return. We want, too, the epilogue, stating the changed 
relations of the pilgrims, the crowning of the' prize 'story- 
teller, the jolly supper, and the: separation of the singularly 
consorted company, of all wdiich we had promise in the, words.*. 

*VAnd after will I telle of our voyage, 

And all the remnant of onr pilgrimage.” 

In the prologue to “The Legend of Goode Women,” the god' 
of love says to the author — 

“ Thou hast translate the ‘ Romaiint of the Rose,’ 

And of ‘Cresyde’ thou hast sayde as the lyste.” 

His “queene, with the white corowne, clad in grene,” says 
in Chaucer’s defence — 

“ He made the booke that bight ‘ The House of Fame/ 

And eke ‘The Death of Blanche the Duchesse,’ 

And ‘ The Pariement of Fowles,’ as I guess, 

And alle the love of ‘ Palamon and Arcite,’ 

Of Thebes, though the story is known lyte ; 

And many a hymne for your holydayes, 

That faighten balades, roundels, virilayes. 

And for to speak of other holynesse, 

He hath in prose translated Boece, 

And made ‘ The Life ’ also of Seynte Cecils ; 

He made also, gone is a great while, 

‘ Oiigenes upon the Mandeleyne.’ ” 

Chaucer is commanded by the queen of love to write the 
“Legendeof Goode Women” and when it was finished to 
give it to “ the queen on her behalf, at Eltham or at Shene.” 
This queen was Anne of Bohemia, whom Richard II. married 
in 1382 . It was his interest, at this time, to recall his best 
works, and tills list authenticates several as being written 
prior to this date. 

The first of the Canterbury Tales, the knighPs, is a 
version of Boccaccio’s “Thesseida,” apparently the same as, 
or a revised form of, that which is noted in the foregoing 
lines as “ Palamon and Arcite.” The miller, somewhat 
drunken, characteristically tells one of those rough jesting 
tales wMch sin against the proprieties of home life. The 
reeve matches tliis with fabliau taken from Jean de Bodes, 
of “Gombert and the Two Clerks”— a little whitewashed. 
The cook’s tale at first appears to be of the same sort, but 
Chaucer seems to have bethought him— 

“ A villany it were, thereof more to spelle, 

But of a knighte and his sonnes my tale I -will forth tell ” 

and replaces the story of a revelling London “ idle appren- 
tice” with the tale of “Gamelyn” — a portion of which has 
been incorporated in Shakspeare’s play of “ As You Like It.” 
[This tale seems either to have been an early production or a, 
copy from another author intended for adaptation.] The 
man of law, after referring to Chaucer’s “Legend of Good 
Women,” and mentioning most of the legends of Cupid it 
contains, selects from Gower’s “Confessio Amantis ” the 
story of “ Pious Constance.” From the same source the 
wife of Bath takes her “Legend of F'lorent.” The tales of 
the friar and the sumpnour are quite dramatically intro- 
duced— the friar showing how a sumpnour by overgreed has 
his body gifted to the prince of darkness, and the sumpnour 
jesting as to how a friar could “ distinguish and divide” 
among his twelve confreres a certain ill-fiavoured presenta- 
tion, “light as air,” bestowed on him by a dying man, as that 
which would best show the respect in which he held the friar, 
and indicate the value he attached to his services. The 
clerk’s tale is that of “ Patient Grisilda,” taken from a Latin 
version by Petrarch of the last story in Boccaccio’s “ Deca- 
meron,” and turned most freshly into English. The mer- 
chant’s tale is one of an old husband and a young wife, and 
the incompatibility of the ill-matched couple. The squire, 
to the regret of all time, has “left half told the story of 
Cambuscan bold.” The franklyn’s tale is taken from a 
Breton lay, of which Bocca.ccio has given two versions. “ The 
Life and Passion of St. Cecilia,” which Chaucer had noted 
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one of Ms earlier poems, appears here as the second nun’s 
tale,; and forms an almost literal ti'anslation from the 
“Legenda Aurea” (Golden Legend) of Jacobus a Yoragine. 
The canon’s Yeoman’s Tale” is, like himself, rather informally 
introduced. It is an onslaught on the \illany of alchemy. 
The doctor narrates the story of Yirginia as given in Livy 
and Gower, as ‘‘a tale of some honeste mattere.” The 
pardoner went to the “ Cento Novelle Antiche” (No. 82) for 
his contribution to the amusement of the merry pilgrims. 
The shipiiiari took Boccaccio’s first narrative of the eighth 
day as Ms merry and the prioress recounts one of the 
strange sweet stories of Asia in “The Christian Widow’s 
Martyr Child.” Tlie host calls on tlie poet to give them 
some dainty thing, and he, burlesquing the perplexing pro- 
lixity of the twuvh'es^ commences the rhyme of “ Sir 
Tliopas,” but the host cuts short the metrical medley and 
demands a story of another sort. He tlien gives, in prose, a 
translation from tlie Latin of “Aibertano de Brescia, the 
allegory of MeJibceus and his Dame Prudence.” The monk 
rims over “in maiinere of tragedie” the fate of the great 
fallen from high estate, and is threatening to go on “ from 
point to point, not a word would he fade” through the long 
catalogue of cases, when the knight impatiently interrupts 
him, and tlie host, as master of the proceedings, calls on the 
nun’s priest to take up his parable and speak. Tins he does 
in “ The Cock and the i'ox,” from the lays of Marie, a 
French poetess. The manciple’s tale, which comes next, is 
out of Ovid, the transformation of the crow from white to 
black. The poor parson proposes to tell a merry tale in 
prose, but this really turns out to be a parable of pilgiimage ; 
on Jer. vi. 16, and is used 

“To knit up alle this feast and make an ende; 

And Jesu for his gi-ace wit me sende, 

To show you the way in this voyage, 

Of thilke parfect glorious pilgrimage, 

That has heaven celestial. ” 

So the blood-warm life of England passes in panorama be- 
fore our eyes, though five centuries have elapsed since the 
genial-witted poet penned his healthy strains. He shows 
the lusty, flesMy side of human nature, as well as the higher 
and holier spiritual temper which quickens man. He has a 
keen relish for all kindness, is honest and true, simple and 
social, delights in good living, and feels himself surrounded 
with the presence of heavenly God. 

It is pleasant to note that one of the earliest of the prose 
products of English thought was one on “The Love and 
Eight Use of Books,” a theme which is ever renewed as 
literature increases the contents of its treasuries. Its author 
was Richard Aiingervyle of Bury St. Edmunds, lord chan- 
ceilor of England; its title, “ Philobiblon.” It commends 
wisdom, and books as the abode of wisdom; it advocates 
the preference of books to wealth or luxury, and that they 
should be bought eagerly, though with due caution as to 
worth and cost. It complains against degenerate clergy for 
neglect of books, and praises the clergy of a former time 
for their zeal in studying and making of books. It describes 
the nature and contents of books, incites to loring handling 
of them as having valuable souls within their too perisliable 
bodies, details the delight of collecting books, and intimates 
his intention of devoting his collection to the service of 
scholars. It was w-ritten about 1330, first printed at Cologne 
1473, at Paris 1500, in Oxford 1599, and a translation of it 
was produced by J. B. Inglis into English in 1832, and into 
French by M. H. Coeheris in 1856. Of the wise scholarli- 
ness which Richard of Bury commended, Chaucer was an 
eager disciple. He read many books and gleaned wisdom 
from them. He wrote many books, into which he put the 
results of much reading, and shrewd thought, and keen 
observation; and, like his own clerk of Oxenford, “gladly 
wolde he lerne and gladly teche.” In the closing lines of 
his early poem, “The House of Fame,” he, having heard 
that labour is required to find a place therein, says — 

“ Wherefore to study and rede alway 
I purpose to do day by day.” 

(n “The Parliament of Birds” he reflects on 

“ The bd so short, the crafte so long to lerne ; ’* 


and speaks of his steady of seeking knowledge— 

“ Yt hapetli me in bookes ofte to rede . . . 

Of usage olde, what for liiste, what for lore, 

Of bookes rede I ofte, as I you tolde, 

For out of olcle feldjs, as men seyth, 

Cometh all this newe come fro yere to yere ; 

And oute of olde bookes, in good fey the 
Cometh all tliys newe science that men lore, 

. . . and thus to rede I wol not spare.’’ 

So “ out of olde bookes” he eiiiiclied tlie iiiiiids of M,s con- 
temporaries, and enlarged the range of tlieir 
vision by bringing under tlieir ken tlie products of , Latin 
poetry, middle-age scholasticism, Itaiian narrative, Homian 
faMiaux^ Saxon folk tales, Cymric stories, and historic inci- 
dents, ill every form of verse — rapid octosyllabic couplets, 
romance rhymes, ballad terns, heroic verse, and Ms own 
rliyme-royal, besides innumerable excellent experiments in 
rhythmic metre — and to each and all of tliem lie gives a 
charm wliich brings them lovingly iiome, alike to heart and 
hearth, business and bosom. 

Chaucer’s English does not materially differ from tliat of 
our own times, only that syllables and letters wiiich with us 
have been reduced to silence, or become obliterated, are 
melodiously vocal in his verse. There is also some difference 
in spelling and accentuation; but careful noting of his riiytiim, 
and thoughtful perusal of his poems, soon sets these small 
matters right. The sweet graciousness and manifold felicities 
of his diction gro’w into a sort of charm pleasing to the ear and 
fascinating to the mind. It requires mucli study, but will well 
repay the care and trouble necessary; and the existence of the 
Chaucer Society is an evidence that Ms worth is found to 
reward the work expended in knowing the writings of him 
of whom Roger Ascham said, “I ever thoughte his sayings to 
have as much authority as either Sophocles or Euripides in 
Greek.” Chaucer himself had a simikr experience to ours 
in tills matter, for he says: — 

“ I know that in form4 of speech is change 
Within a hundredth yeere, and words Hio [then] 

That hadden price, now wonder nice and strange 
Thinkke we them ; and yet they spake them so, 

And sped as well in love as men now do.” 

Chaucer was noble in person, modest in demeanour, 
beautiful in features, having a face full and smooth, a pale 
' complexion, dark yellow hair, a long pointed betird, a large 
I arched forehead, and bright eyes over which the lids drooped 
so that they seemed cast to the ground, looking meditatively 
as if they saw nothing, yet ail tiie while seeing everyffdiing 
and remembering all 

The following description of Geoffrey Chaucer, which pretty 
nearly coincides mtli Occleve’s portraiture, appeared in 
■“ Greene’s Yisioii ” in 1592 : — 

“ His stature was not very tall ; 

Stout he was, his legs were small, , 

; Hosed within a stock of red ; 

A buttoned bonnet on his head, 

I From under which did hang, I weeiie, 

Silvered bnires both bright and shi'cne; 

His beard was white trimiried round, 

His countenance blithe and merry found. 

A sleeveless jacket large and wide, 

With many plaits and skirte's ddt [long] 

Of water[ed] cliamlet did he weare; 

A whittell by his belt he beare. 

His shoes were corned^ broad before, [peaked] 

His inkiiorne at his side lie wore, 

And in his hande be bore a booke. 

Thus did this ancient poet looke.” 

John Lydgate was born in the village near Newmarket 
from which lie took his name, about 1370. TMs good- 
humoured, bright-minded, and earnest monk was much im- 
pressed by the writer of the Canterbury Tales. Oe calls him 
“My Maister Chaucer,” “chefe poete of Bretayne,” “he 
tliat was of making, sovereigne.” 

“ Whoine all this lande of right ought to preferre, 

Sithe of our langage he was the lode-sterre.” 

His “Storie of Thebes,” drawn from the manipulated middle- 
age version of Statius’ “ Thebaid,” is written as a tale told 
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by Mm when, after his sickness, he was on his way to Canter- 
bury, and met Chaucer’s pilgrims on the road. With them 
he supped, and to them he, at Boughton-imder-Blean, obeyed 
Harry, Baiiy’s command, “Tell us something that drawetli to 
effect.” In the monk’s tale Chaucer had spoken 

Of them that stood in great prosperitie, 

And ys y-f alien out of high degre 
Into miserie 

and in the nine books of “ The Falls of Princes,” Lydgate — 
after enumerating the works of Gliaucer and declaring his 
admiration of Ms verse — proceeds to emulate him, while 
recording the misfortunes of those who have fallen from 
high estate, and rea,ds mankind a, lesson thus : — 

“Who climheth highest on Fortune’s wheele, 

And soddeniy to richesse doth ascende, 

Ane unawares tnrne, afore seene nevere a dele, 

When he least weeneth, maketli him descend; 

Fro snche changes, who may him defend, 

But they that be with povert not dismayede, 

And can with little hold themselves apayede.” 

The matter of this book was taken from Boccaccio’s “In- 
stability of Earthly Fortune,” through a French version 
made by Laurent de Premieriait, commended to the monk 
by Humphrey, duke of Gloucester, who was found murdered 
in bed, 23rd February, 1447. Lydgate’s “ Troy Boke,” to 
which we alluded, in a previous cliapter (p. 197), is a versified 
translation of the “Historia Trojana” of Guido della Colonna, 
a poet and lawyer of Messina, whose fame among story-lovers 
was great. In “L’Eiivoye de Chaucer” to the clerk’s tale 
of “Patient Griselda.” that axithor' had merrily counselled 
women not to give occasion to any one, by being patient and ! 
kind, to write a similar story of them, 

“ Lest Chichevache you swallow in her entraile.” ' 

Lydgate caught up the humour of the idea, and composed 
Ms “ Bicorn and Chichevache,” the former fat and sleek, fed 
on good and enduring husbands, and the latter skin and 
bone because she fed on good and patient wives. They were 
truly very scarce, for she complains: — 

“ It is more than threttie Mayes 
That I have sought from lande to lande, 

But yet one Grisseld never have I fande.” 

Ritson gives a list of about 250 poems attributed to 
Lydgate. He seems to have been a rhymer to order, and 
to have had such a power over verse as to have reduced it to 
mere manual mechanism. “A Life of our Ladye,” written 
for Henry V.; a “Legend of St. Albans,” composed by 
desire of the Abbot of Veriilam; an “Encomium of St. 
Edmund of Bury,” for Ms own monastery; a version of 
Makabir (“The Dance of Death”), explanatory of the 
frescoes on the north side of old St. Paul’s; “The Churl 
and the Bird ” (from a pamphlet in French) ; the ballad of 
“Jack Hare” (the drunkard); “The London Lickpenny,” “on 
the little that can be got in this world without the money to 
pay for it;” and many other verses, are due to John Lydgate’s 
versatile and active mind, and prove him. to have been a man 
of wide sympathy, great cleverness, and mastery of metre. 

Thomas Occleve, probably born at Hockcliffe in Bedford- 
shire, was a government clerk in the office of the Privy Seal, 
who required — in the covert courtesy of song — to dun his 
masters for payment of his dues. To his longest poem, 
addressed to Henry V., on “The Duty of Princes,” a 
metrical translation of a work formerly ascribed to Aristotle, 
be has prefixed a lengthy introduction describing Ms hard- 
sliip as a householder in the service of the state, by not 
getting his salary regularly paid. He deprecates the French 
wars of the hero of Agincourt, invokes Peace for favour to 
England, and insists that Christian sovereigns should fight 
only against the enemies of Christ, the sovereign of the soul. 
In it he complains — 

“ So is myue herte wo, 

That the Honoure of th’ Englysshe Tongue is dede, 

Of which 1 was wont to have counsel and rede ; 

0 maister dere and father reverent, 

My maister, Chaucere! flowre of Eloquence, 

MiiTOur of fructuous entendi^ment, 

O universal father in Science 1 ” &c. 


Occleve’s “ Misrule” is a warning to youth against folly, of 
great power and effectiveness; Ms “Poem and Roundel to 
Somer,” Baron of the Exchequer, ingenuously asks him to be 
bounteous with seasonable summer supplies, “the lack of 
wMch is our great heaviness.” 

A name noted by Occleve, while recalling what “ Holcot 
saith upon the book also of sapience,” reminds m of the 
prose writers of this period, among whom was this Pi/obert 
Holcot, a Dominican divine, teacher of theology at Oxford, 
distinguished for philosophic acumen and singular eloquence, 
commentator on Ecclesiastes, the hook of wisdom, author of 
moralizations on histories, and essayist on “The Seven Sins,” 
“The Immortality of the Soul,” &c., books which, though 
written in Latin, seem also to have been popularized, at least 
as to their leading thoughts, in English. As Chaucer refers 
to Bishop Bradwardin, as one who can “boult ” any difficulty 
“ to the bren,” we may notice Ms three books on “ The Laws 
of God,” for which the Pope honoured him as “ the profound 
doctor.” Bradwardin, who sprang from an old Chichester 
family, was a graduate of Merton College, and became pro- 
fessor of divinity and chancellor of the Hniversity of Oxford, 
as well as chaplain and confessor to Edward III., whom he 
attended during the wars in France. He was a distinguished 
mathematician and astronomer, and medieval mathematical 
metaphysics and theology had few greater names than his. 
John of Gaddesden, also of Merton College, Leland calls ^Hhe 
light of his age.” Under the title of “Rosa Anglica” he 
composed a treatise on medicine, setting up his English Rose 
against the “ Medicinm Lilium,” i.e. lily of medicine, written 
by Bernard Gordon of Montpellier. Chaucer’s doctor knew 
Averroes, Damascene, and Constantine— 

“ Bernard and Gatisden and Gilbertine J 

and probably the poet himself had met “the first Englishman 
employed at court as a physician,” who was accustomed to 
mix English with his Latin. 

Reginald Pecock, bishop of Chichester, Bradwardin’s birth- 
place, had a rather remarkable career. He was a native 
of North Wales, born about 1390, and educated at Oriel 
College, of which he was elected fellow in 1417. Through 
the influence of Humphrey, duke of Gloucester, he was 
a,ppointed Master of the College of St. Spirit and St. 
Mary, founded by the renowned “Whittington, lord mayor 
of London.” The Pope made him Bishop of St. Asaph in 
1444, and in 1447 he maintained in a sermon at St. Paul’s 
Cross, London, that oversight and guidance, not preacliing, 
were the functions of a bishop, for which he was obliged to 
defend Mmself before the Archbishop of Canterbury. This 
defence he enlarged under the title of “ The Repressor of 
overmuch witeing (blaming) the Olergie” (1450). He spoke 
of the monkish preachers as “ pulpit-hawlers,” and became 
tolerant of Lollardism. In his zeal for popular enlighten- 
ment he composed many educational treatises. His activity 
and moderation led to persecution; his books were judicially 
examined and found to he heretical, and recantation or the 
stake was the judgment. He read his recantation at St. 
Paul’s Cross before 20,000 people, and handed eleven quartos 
and three folios of his writings to the executioner, who con- 
signed them to the flames. He died in solitary confinement, 
having the use of neither books nor writing materials, in 
I Thorney Abbey, Cambridgeshire, in a year unknown/ but 
probably 1460. 

Sir John Fortescue, Lord Chief Justice of the King’s 
Bench under Henry VI., was the author of different treatises 
in English and in Latin. In the former his “Difference 
between an Absolute and Limited Monarchy ” is patriotic in 
spirit and popular in style. In the latter his “De Laudibiis 
Legum Anglim ” (Praise of the Laws of England) has fre- 
quently been pubiisheci; and it has been several times “ done 
into English,” once by Mulcaster, master of St. Paul’s School, 
London, It was written to encourage and direct the Prince 
of Wales in his studies, to show the superiority of a con- 
stitutional over a despotic government, and to explain the 
difference between law duly enacted by statute and that 
dependent on the royal will. Aland says that for the latter 
treatise “ all good men, and lovers of the English constitu- 
tion, speak of him with honour and the ability and candour of 
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the formeij Fuller tliinks, “make him famous to ail posterity.” 
Both works liave been recently re-issued and re-edited. 

Tlie quarry out of which the greatest and most popular 
poeu of the present time has hewn the materials, not for the 
earliosb essays of an apprentice in poetry only, but for some 
also of ids latest and most finished works, can scarcely fail 
to excite interest. Tlse “Morte dhlrthur,” which, as Oaxton 
so.ys, “treateth of the byrth, iyf, actes of the sayd Kiiig 
Arthur, of his noble knyghtes of tlie Round Table, their 
marv'dloiis compiests and adventures/' is that quarry. It is 
conquled irom the French into ' English. ,As a romance of 
cluvaliy it had great success, and has powerfully aSected tlie 
poetical conceptions of the Englisli oiind for generations. 
Malury's book was first printed by William Ca-xton in 1485. 
To Oaxtoii England O'Wes not only lier early , share in the 
nlviiiitages derivable from the greatest educative invention of 
these later ages — the art of printing — but a wise selection 
of excellent works, which he assiduously vS'iipervised, seeing 
th.roiigh the press sixty-three books, some translations by 
himself, some original writings, and iuany pre'fatory intro- 
ductions, so that he becomes entitled to a place in the 
Ms'tory of English literature, ,„EOt only as the earliest printer 
of books in England, but as a man of culture, talent, worth, 
and enterprise, the first of so many ” to whom we owe the 
kindling of genius, so that 

‘•The fire was great — it made the nation light.” 


.aiSTORY.— CHAPTER V. 

FIFTH OF E03IAN HI3TOHY. 

The admission of all the free Italian citizens to full partici- ^ 
pation in the privileges enjoyed by the citizens of Rome ^ 
occasioned many changes in the polity of the state, and 
terminated in the subversion of the commonwealth by the 
appointment of a permanent chief magistrate with sovereign 
powers. This period of change is comprehended between 
the years of the city 665 and 703, when Julius Caesar assumed 
sovereign power under the title of Dictator. During this 
period there is little growth of the Roman constitution. 
The delegated authority of the state resided in the senate. 
That body received ambassadors and resolved upon questions 
of peace and war. Prom the senate an appeal lay to the 
people; and, by the theory of the constitution, all new laws 
and all amendments upon old laws, after being discussed and 
reduced to proper form in the senate, were submitted to the 
people for their approbation. The senators were the heads 
of the patrician houses, and men of consular rank; and 
(latterly) such plebeians as had raised tliemselves to eminence 
in the state. 

There were two kinds of popular assemblies. One con- 
sisted of all members of patrician houses, the other of 
plebeians only. The former l^ad, however, merged into the 
meetings of comitia^ from which it had never been entirely 
distinct. There being no distinct demarcation between the 
newer patricians from the more powerful plebeians, the meet- 
ings were composed of all classes of citizens; the plebeian 
element, however, greatly preponderated. In the comitia 
every R-oman citizen was entitled to take a part; but the 
constitution of these meetings was of a very indeterminate, 
vague, and unorganized character. The decisions of these 
meetings were often incongruous, and the decrees of one 
were decried at the next. The worst characteristic of the 
decisions of these comitia was their partisan nature. Hence, 
wMe the deliberations of the senate were sagacious, con- 
sistent, and calculated to promote a rational, though arrogant 
and selfish policy, the deliberations of the comitia were 
passionate, fickle, narrow-minded, and redeemed only at 
times bykglimpses of generous emotion and true intelligence. 

The functions of a state must be delegated to officers, 
judicial, executive, and military. These duties are often 
incompatible, and their accumulation in the hands of one 
officer productive of serious mischief. In Rome the military 
department alone was adequately organized. But these 
different functions were not sufficiently separated — ^the same 
officer often discharged them all. The judicial funcrions 
were exercised sometimes by the senate, at other times by 


the comitia, and again by trie consuls and proconsuls; bin 
more pernmnently by tlie pnetors, qiuestors, ediles, trib'iuies, 
the arbiters appointed rrom the sena/tors, trie jvdicei^ 
apiiiointed from the ■plebi'irin.s. 

The law on vrhich these tribunals irai'iied their deeisioiKi 
was well developed and sf-mrply defined, thnly freiuiieri were 
capable of holding property, and only Roman citizens could 
possess land-rights. The .status of individuals, the distiric- 
tioii between freemen and slaves, between citizens and non- 
citizeins, men of mature years, females, and pu'piis, were also 
fully and accurately defined. Even the personality of a 
coimoraticut was perfectly familiar. The law of marriage — 
and the difiricuity to be apprefieniled by the non- recognition 
on the part of tlie patridjins of iiiti'niiarriages of I’hebeia-iis 
into their families — was clearly settled, and rcgardedt as a 
branch of the law respecting ]»e.r.soiiai status. The struggles 
between the patricians and pletieiaiis, during the infancy of 
the republic, had caused the legal doctrine of obligations to 
be laid do'wn with the utmost precision. 

These tliree great heads included the whole code of the 
distributive lawx Tliere was, I'lowever, no .systematic legisla- 
tion at R,ome. The lawyer was left to supply kiatm in the 
written ia'vv by analogy and by quoting previous decLsions, 
Ctn rare occasions special supplemental legislati.on was re- 
sorted to. A law, properiy so called, was a decree of the xeiiate 
sanctioned in a com/itmm. Wl'ien tlie patrician power pre- 
dominated, the force of law resided in a mere resolution of 
the senate. Yfhen the popular party lield sway, the force 
of law was a decree of the popular assembly; and this, like 
the other, retained validity by prescription. Thus Roman 
distributive law, although systematic and coherent in itself, 
existed .nowhere, as a whole, except In the minds of, the 
lawyers. It was a sealed book to the mass, and individual 
judges could wrest it with impunity in individual cases. 

■ The penal law was worse. The Roman citizen could be 
proceeded against only in fiagirant cases, and was then liable 
to very inadequate punishment. Non-citizens were very 
much at the mercy of an arbitrary judge. Slaves, again, 
were not recognized as persons; they were mere vessels of 
clay, to be broken or preserved according to the whim of 
their owners. The provisions of the Roman .penal law were' 
few, generally enacted in moments of po,litical excitement, 
and with reference to a special case. 

The great defects of the Roman law were (1) its indefinite 
character, fro,m its being unwritten; (2) its being unknown 
to the great mass of the citizens; (3) the imperfect organ iza>- 
tion of the courts in v/hich it vras dispensed. There wxxs a 
superabundance of courts, but their jurisdiction wxxs very 
imperfectly defined. There was, besides, no .subordination 
of courts to facilitate redress by appeal The governor was 
military commander, head of tlie executive of the province, 
and judge. Imperfect management and inevitable injustice 
wawe the coiisequmices. Wealth, and iiifiuence usurped the 
functions of lawg and at their hands the |>oor man had no 
redress. Tlie rich man, when sued by a less w^ealthy opponent, 
had only to appeal from the inferior to the governor’s court, 
and thence to Rome. Thus he could protract the suit in- 
definitely. Roman law was known only to those wffio had 
wealth, leisure, and talent. Whoever wished to obtain justice 
required to put himself under the protection of one of tlus 
' class, and become his client. Tliese unfortunates were forced 
to buy their services by becoming courtiers, dependants, poli- 
tical retainers, and partisans. The study of law thus became 
the surest way to political eminence. The eminent lawyer 
availed himself of his legal skill in two ways, (1) to acquire 
the admiration and confidence of the multitude, and (2) to 
attach to his interests a band of agents ready to promote his 
ambitious ends. 

The distributive law of Rcroe still smuives as a noble 
monument of genius; but it was a goddess imprisoned, and 
in whose name the utmost iniquities were perpetrated. Liw> 
was a spell-vrord, used solely for selfish purposes and indi- 
vidual aggrandizement. The executive organization of the 
state was still more defective. The provinces were farmed 
out, and the management of the national finances was oppres- 
sive, unproductive to the treasury, and destructive of public 
morals. In the provinces alone taxes were paid. The tax- 
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gatherers were appointed at Rome, and there only complaints 
could be brought against them. It was the interest of the 
Roman citizen that the highest rent should be obtained from 
the tax-farmer, and it was his interest to extort as much as 
possible from the tax-paying popalation. The wealthiest 
competitor was most likely of success; he had the means of 
making liiniself popular among the electors, and once popular 
with them, he was certain of the patronage of ambitious in- 
triguers for the higher offices of the state. 

That branch of the executive intended to enforce judicial 
decrees, prevent crime, and repress popular outbreaks, was 
extremely ill provided for. In peaceful times public opinion 
deterred men from refusing to obey citations; but under 
popular excitement the dictates of the magistrate were little 
respected. Beyond the limits of Italy standing armies sup- 
plied the place of a police; but only on extraordinary occa- 
sions, when the dignity of the Roman state was cencerned, 
were they called in. Their functions, and the forms 
according to which they were to discharge their duties, were 
not prescribed by definite constitutional law. Their authority 
being thus unsettled, they were necessarily feeble in the 
daily duties of police, and arbitrary and unrestrained when 
circumstances armed them with temporary power. 

Of ail the Roman institutions, the army alone was well 
and adequately organized. Circumstances had made the 
Romans a nation of warriors, and with their resources their 
skill increased also. After the Trans- Italian provinces be- 
came permanent dependencies of the state, standing armies 
were indispensable. To keep their new subjects obedient, 
armies were permanently stationed among them. Those 
armies were schools of military science. It was for the 
interest of all Romans that the best generals should be 
appointed; and their officers had a sufficient motive to 
exertion in the knowledge tliat their command would remain 
in their hands no longer than they continued successful. 
The constitution of these armies was, however, essentially 
different from that of the army of early Rome. The citizens 
had relinquished service in the ranks to needy adventurers. 
The camp became their home, and the standard the object 
af the practical worship of the legionary soldier. The 
auxiliary complements, composed of non-citizens, felt that 
while they continued soldiers they possessed privileges and 
an importance which did not belong to them in private life. 
The commander was supreme judge, and head of the execu- 
tive of his province. He exercised within it a power to which 
the precariously exercised supremacy of Rome opposed few 
checks. So long as he possessed the affection of the soldiery 
he liad little to fear; he could impose his own terms upon the 
faction in the ascendant at home. 

In Italy the predominating tone of society was rustic, 
in Gaul and Spain it was that of barbarians aping the 
superior refinement of their conquerors. In Greece it was 
polished. In Humidia it was barbaric, with an occasional 
partial gleam of the civilization introduced by the Carthagi- 
nians. In Asia and Egypt it was voluptuousness tempered 
at times by Grecian refinement. 

In the popular creed of Rome at this period we meet with 
little change. An immense number of new gods had, indeed, 
been gi-afted upon the old mythology. But these deities did j 
not gain admission to the pantheon through the mere whim 
of the Roman populace ; their reception was dictated by a 
sound policy, to which the Roman arms owed much of their 
success. This policy developed itself at the commencement 
of their career; for they soon learned that spiritual arms 
were as effective as physical force in subduing the hostile 
tribes which surrounded them. When they laid siege to a 
city they, to win them to their favour, promised its tutelar 
deities finer temples and richer sacrifices in Rome, should 
they desert their old worshippers. The people, feeling them- 
selves deserted by their gods, yielded more readily to the 
Roman arras. The new deities were accordingly installed at 
Rome. The tutelar deity of Rome was a being without a 
name; it was unknown whether it were a god or a goddess. 
The rites of public worship were performed by the pontiffs 
and augurs, A.t first both offices belonged to the patricians; 
but the plebeians had acquired a right (1) to vote in their 
election, and (2) to appoint one of tiieir own iiumher to the 


augur’s college. The mysteries, however, were looked upon 
by the wealthy and powerful simply as a convenient means 
of restraining the ignorant and superstitious. The distinc- 
tion between patricians and plebeians had become nearly 
obsolete. One by one the offices of the state and of religion 
had become accessible to plebeians. But the way to obtain 
them was as narrow as before — it was no longer birth, it was,, 
wealth, that marked out the parties eligible to office. The 
names of patrician and plebeian, however, became the watch- 
words of political factions which contended for the possession 
of offices and dignities to he made use of merely for their 
own aggrandizement. 

The rural districts of Italy had been drained by the wars 
of the republic of the best portion of their free population^ 
and the patricians had possessed themselves of the greater 
portion of the soil, which they cultivated by slaves. The 
tax-gatherers emulated the patricians. In this way the 
country may he said to have had a population of lords and 
slaves, but a free labouring population was nowhere to be 
found. To this period we refer the depopulation of Italy, so 
often attributed to the devastations of the northern tribes at 
a later period. The villa of a wealthy Roman citizen usually 
occupied the site of a city which had its name in the annals 
of ancient Rome. The territory for miles around was culti- 
vated by his slaves. The free population that remained was 
poor and ignorant; despised by the wealthy, it learned to 
despise itself, and associating only with slaves it gradually 
sank to their level and blended with them. 

In the dependent Trans- Italian states the name of citizen 
Imd no real power, but it promoted the interests of such as 
chose to become the parasites of a governor. It was a title 
of rank constituting the bearers the minor nobility of a 
minor court. The free class of non-citizens, if they were 
poor, were little superior to slaves; if rich, they had no 
career of ambition open to them. Their only occupation 
was intrigue and feuds among themselves. 

It might seem, at first sight, that in the condition of 
slaves th^ere could scarcely be sufficient variety to render 
detail necessary. The epithet slam, however, attached to 
widely different conditions. The wars by which the Roman 
power had grown so gigantic had caused the slave population 
to outnumber the free. In some Eastern regions power was 
in the hands of the slaves. In many of the nomadic tribes 
of Arabia, and some of the less advanced Celtic and even 
Libyan tribes, the difference between bondsmen and freemen 
was little felt and easily effaced. In Central Rome and the 
adjoining provinces the chain of slavery weighed heavily. 
Yet even there there were exceptions. By the chances of 
war many highly educated individuals, brought to Rome as 
slaves, acquired sufficient influence by their talents greatly 
to alleviate their lot, even when they ffid not obtain enfran- 
chisement. The earliest literati of Rome, and the pedagogues 
by whom the children of wealthy Romans were instructed, 
were slaves. The confidential secretary and the master of 
the household were usually of this class. But the domestic 
drudges, and those of lower qualifications, drank the draught 
of bondage in all its bitterness. Many wealthy Romans 
kept troops of gladiators, composed of slaves whose business 
it was to butcher one another for the amusement of their 
lordly masters. 

We mentioned the Illyrians as a piratical nation, but 
piracy was not confined to them. Every maritime state, 
dismembered and erected into a Roman province, sent forth 
its bands of pirates, and every inland state similarly circum- 
stanced produced bands of robbers. These were, at first, 
hardy soldiers who disdained to wear a foreign yoke, but 
were speedily augmented in numbers by desperadoes whose 
business it was to prey upon all parties. Runaway slaves, 
fugitives from justice, deserters, and disbanded soldiers swelled 
their ranks, and gave them importance. Tli,e swarms of 
pirates on the coast of Illyria and Epirus, around Crete, in 
the harbours of Thrace, Asia Minor, and the Euxiiie, gave 
the Romans much trouble for more than a century. 

Having passed in review the various classes which con- 
stituted society, we are enabled now to reconcile the seem- 
ing inconsistency and incoherency of Roman history. We 
see how the state which was suifieioiitly powerful to crush 
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lEGnarclis. was incompetent to extirpate bands of robbers; 
how the armies of the city which vancfuislied the colossal 
power of Garthagej set in motion by the genius of Hamnibal, 
trembled and four times quailed and fled before the Thracian 
Spartaciis at the head of a band of gladiator and fugitive 
slaves (73-71 n.o.) Above all, we can now understand how 
tiie scrapiiloiis Cicero and the unscrupulous Catiline could 
be citizens of the same city at the same time. Yve see the 
genius of the one developing itself in the schools of G-reece, 
a’ld eliciting the applause of the better spirits of his age. 
We see the otlier — amid the license of the camp, exposed 
to the cniitaniinations of associates wlio had grafted upon 
the rusticity of the Roman character the sensual voluptuous- 
ness of the Asiatic Greek and the reckless avarice of the 
soldier’s life — grow up a prodigy of sensuality, avarice, and 
tyranny. 

Tiie unsettled institutions and imperfect organization O'f 
the state allowed free scope to the wildest passions. Men 
wlio liad emancipated tliemselves from belief of a moral 
element in the popular creed, substituted priestcraft for 
religion. Tiie precepts of household morality were tlirown 
aside before men had attained to more compreliensive ethics. 
Whars witlioiiu, and civil broils within, generated a spirit 
which became coarse as it waxed strong. The management 
of the public business in all that regarded personal security 
was ostentatious, but a cliaos. The triumphal procession 
was succeeded by tlie flo’w of civil blood in the forum, and 
the stately pageant of the procession of priests to sacrifice to 
the gods was followed by the barbarous spectacle of gladia- 
torial fights. One moment we admire the code of distributive 
law as an invaluable legacy to the civilian, and listen with 
delight to the piiilosophic discourse of Atticus and Cicero; 
but the next our attention is drawn to Catiline amid Ms 
conspirators quaffing their dreadful sacrament of blood. 

The influential events which characterize this period follow 
each other in rapid succession. The forms of the constitution 
are preserved only to be perverted to serve the purposes of 
the powerful. Marius was its virtual sovereign at the begin- 
ning of this era ; Sylla succeeded Marius, and Pompey Syila. 
But Marius, Sylla, and Pompey all exercised their power 
ostensibly according to the forms of the commonwealth. 
Others attempted to grasp at their power in defiance of these 
forms, and failed; the virtue of habit was still too strong in 
the mass to submit to open despotism. The incessant shift- 
ing of power from one blood-stained hand to anotlier was, 
however, rapidly breaking down this last remnant of inde- 
pendence. The greatness of the Roman state had outgrowm 
its intelligence; complex relations crowded themselves upon 
men faster than tliey could make legal provision for them ; 
perplexing political problems sprang up demanding, like tlie 
riddle of the Sphinx, instant solution under penalty of death 
— the burden outgrew the strength of the bearer, and stirred 
him to 'U state of things that produced bewilderment rather 
than energy. Men became terrified and eager to purchase 
counsel froni any quarter at any price. The tyi-annies of 
Marius and Sylla had been comparatively innocuous. This 
was remembered amid tlie aimless broils of the republic, and 
disposed men rather to hazard political slavery than submit 
to tlm rank anarchy which disorganized Rome. C8e.sar 
stepped in at this moment. His was the genius to restore 
order. The fulness of time was come, and Csesar’s was the 
genius created for the occasion. 

Csesar’s assumption of power has been called usurpation. 
C^sar, however, took the reins of government with the 
approl3ation of an overwhelming majority of the people he 
was to govern. That his government had the concurrence 
of the people is proved by tMs single fact, namely, that it 
required a conspiracy and an assassination to remove Mm 
from iris seat: an appeal to the public was felt to be out 
of the question. Even after he was removed, the knot 
unloosened by the assassins was immediately reknit by his 
very inferior successor Octavius. In Ms elevation to the 
supreme power the crumbling constitution of republican Rome 
perished. 

Having brought our history down to that point at which 
the nominal republic is rapidly merging into an empire, we 
shall, in the next chapter, give some account of the Assyrian 


and Persian dynasties up to their absorption Mtliin tlit 
imperial dominions of all- conquering Rome. 


GnA.F‘TKB, VL 

KIXEVEH— SABYLOX — THE JiEOES AXI) THE PERSIA X?,. 

CiESAR’s usurpation of sovereign fiower, ami iFe Micressfu! 
efforts of bis successors to retain that pover, brouglit iiiiuie 
more on a level witli the provinces. Ruman ciiizeius, no 
longer the masters of tlsese districts, were only fellow-snbjects 
of the provincials. The governors a.p]Kjintcti by the emperor 
or the senate familiarized the provincials with Roiiian polity; 
and the Rnmaris who accompanied tiiein, iiigraftiiig the halms 
of those anioiig whom they lived upon their original stock, 
returned to Rome to make their fellow-citizcms like tlsern- 
selves. Tlie old liomaii character was modified iiiuler im- 
perial sway by the diameter of the people witii wiiom the 
Romans were brought into contact. Me restrict our aiteu- 
tion now to those countries in which the population was Jiot 
of Greek origin. The Greek race, up to the moment of the 
Roman conquest, held ‘'‘sovereign sway and ma>teriloim” 
An immense space — embracing Greece Proper, Tiiraee. tlie 
coasts of the Black Sea, Asia Minor, Asia bounded by Mount 
Taurus, the Oxus, the Indus, tlie Indian Ocean, tlie Ai j’ 
Gulf, and the eastern extremity of the Mediterranean, 
and Gyrene in Africa — 'was inliabited by Greeks or b\ npj,> c 
governed by Greeks, or had governments organized by 
Greeks. Greek civilization, literature, arts, arms, and civil 
polity were felt throughout this whole extent. In these 
provinces Greek civilization had been ingrafted upon an older 
civilization. The sceptre was transmitted, to the Greeks, from 
the Persians. 

There appear to have been two great states which .grew up 
to maturity about the same time in the countries adjoining 
the Euphrates and Tigris — the Assyiians, whose capital was 
Nineveli, and the Babylonians. The intervening space was 
commonly called Mesopotamia between rivers”), and in 
Scripture this whole district is spoken of as “the land of 
1 Shiiiar.” It is certain that the Babylonians were so called 
from Babylon, their metropolis. As that city was occasion- 
ally designated the head of the Glialdearis, it is possible .that 
the majority of its citizens and subjects may have been of 
that fierce wa.rrior race ivliich dw^elt at one time between th,e 
.mountains of Armenia and the embouchure of the iiiiitecl 
Tigris and Euphrates, tliough spreading occasionally its 
devastating hordes over Syria, Palestine, and Fhmnicia, the 
broken memorials of w}iicl.i are still to be found in scattered 
villages betiveen the ruins of Riiieveh a..nd. tlie Armenian 
mountains. Two cii'ciim stances lead iis to iB.fer tliat tl'ie 
Assyrians w^ere a different race. It appears from tlie Hebrew 
annals that the .Assyrian monarch conquered Babylon a short 
time before the captivity of Israel, In the Hebrew .books' 
.mention is made o.f Clialdeans as a peculiar body of. diviners 
at Iris court. Herodotus, at a .much more recent, perioci gives 
the designation {"/laMeans to the attendants in the temple of 
Belus or Baal at Babylon. . This notice of .the Glialdeaiis as 
a people a|:.)art, and 'tlieir connection with the Babylonian 
worship, leads us to infer that the Assyi-ians were a seiarate 
race from the C.l.:i.aIdeanS' — an idea' strengthened by a ])8ssage 
in the Second Book of Kings, from wliicii we learn tliat the 
national god of the Assyrians, was called Kisroeli. It is 
possible, however, that Babylonians and Assyiians may have 
been two sections of the same race. . The leaders of the .' 
Jews, when they wished to conceal the threatening message 
of Salmanasar the Assyrian, king from their followers, .re-, 

■ quested Ms messenger, Rabshakeh to use the ..dialect of ,.A.rani . 
and the Babylonians: the Chaldean tongue was an Araoiitic 
dialect of the Semitic speech. As Babylonian from Babylon, 
so Assyrian may have been derived from Assur, and may 
have merely designated those Chaldean tribes inliabiting 
Assur and subject to its sovereign. All that we can say 
with certainty is, that some time before the overthrow of 
Jerusalem by the generals of Hebuchadnezzar, the plains and 
hills between the Tigris and the Euphrates, and the southern 
and western slope of the mountains eastward of the former 
river, were the scene of the struggles for ascendency between 
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the Assyrian and Babylonian powers, which terminated in 
the subjection of the latter. Nineveh was the capital of the 
one, Babylon of the other power. 

Babylon was built before Nineveh. The historian Jose- 
phus ascribes the erection of the Tower of Babel to Nimrod, 
tills tower was the commencement of the future city. 



Birs Nimroud, the stipposf?d Tower of Babe! (conjectnrally restored). 

The palace of Nimrod was the first edifice, with a royal park 
and a cluster of hamlets around it. He ascribes to Nimrod, 
also, the founding of Nineveh ; but on this point the evidence 
of history is uncertain. Ninus, a descendant of Nimrod, 
married the famous Semiramis, who first set the Assyrian 
Empire in a gi'eat and solid foundation, and Nineveh was 
probably at this time the capital of that empire. Semiramis, 
how^ever, enlarged and adorned Babylon, until it became a 
truly magnificent city. She is said to have collected, from 
ail the provinces of her vast empire, 2,000,000 men, whom 
she employed in this gigantic undertaking. The city was 
erected in the middle of the extensive plain of Shinar, and 
occupied both sides of the Euphrates. Its walls, according 
to Herodotus, were 87 feet in thickness. 350 feet in height, 



and 480 furlongs or 80 miles in circuit. These walls were 
built of brick, cemented with bitumen, and encompassed the 
city in the form of a square, each side of which was 15 miles 
in length. The river ran through the city from north to 
south, and on each side was a quay of the same thickness as 
the city walls. In these there were 100 gates of solid brass, 
twenty-five in each side of the square, and from all the gates 
proceeded streets in straight lines, each being 15 miles in 
length, and crossing each other at right angles. On the 
eastern side of the river stood the ancient palace, which was 
3j miles in the circuit of its walls; and on the opposite or 
western side of the river was another palace, the walls of 
which, with its inclosed grounds, were 7| miles in circuit. In 
the middle of the city Semiramis erected a lofty temple, in 
honour of Beius. It stood near the ancient palace; and, 
rising from, tliis temple, was a tower of gigantic magnitude, 
celebrated in ancient history. The Hanging Gardens, so often 
mentioned with admiration by the Greeks, were at a sub- 
sequent period attached to the western palace. 

Nineveh was not less imposing in its proportions and in 
the magnificence of its buildings. According to Diodorus 


Siculus, this was the largest city in the world. It was built 
in the form of a parallelogram, its longer sides being 36 miles 
in length and its shorter about 24. The walls were 100 feet 
high, and so broad as to admit of three chariots being driven 
abreast. They were fortified with 1500 towers, each 200 feet 
high. The city, though so vast, contained little more than 
600,000 inhabitants; the houses were far apart, and within 
the civic territory there were gardens, parks, vineyards, 
orchards, corn-fields, and royal demesnes. It is estimated 
that the area of Nineveh was 216 square miles. The ma- 
jority of the houses, however, contained only one storey, so 
that the people were spread over a wide area. 

These two cities, Nineveh and Babylon, continued, under 
one imperial government, to constitute the twin -capitals of 
Assyria for several centuries. Semiramis, after enlarging 
the latter, tMrsted for conquest. Assembling a numerous 
army, she marched through Media into Persia, then into 
Egypt and Ethiopia; and finally, after a career of great glory, 
carried her arms against the Indian nations, by whom she 
was signally defeated, and soon afterwards died. Her son, 
Ninyas, succeeded, but little is known of Ms reign. For 
1200 years the history of Assyria is almost an utter blank. 
The last of the monarchs in the series of about tMrty reigns 
was Sardanapalus, celebrated only for bis indolence, effemin- 
acy, and voluptuous luxury. In his reign occurred the revolt 
of the Medes, which resulted in the fall of the first empire. 
Of this event we have two accounts by Greek authors-— 
Ctesias and Herodotus — differing considerably from each 
other. The revolt was made, says the former historian, by 
Arbaces, “ a valiant and prudent man,” and general of the 
forces who were sent every year out of Media to Nineveh,” 
He had been stirred up by Belesis, the governor of Babylon. 
Arbaces prevailed on the Medes and Persians to invade 
Assyria, and Belesis persuaded the BabyloniaUsS to aim at 
their independence by joining in the enterprise. Sardanap- 
alus at first displayed considerable energy. He led forth 
j the forces of the other provinces against the rebels, and twice 
defeated them in battle with great slaughter. This success 
led to security. While he was rejoicing in his victories, and 
feasting Ms army, Arbaces induced the Bactrians to revolt, 
suddenly attacked the royal camp, in which he made a great 
slaughter of some, and forced the rest into the city. Sardan- 
apalus committed the charge of the army to Salamenes, the 
queen’s brother, and took upon himself the defence of his 
capital. But the tide of battle was turned against Mm. His 
forces were twice defeated by the rebels, and tliis encouraged 
the revolt of other provinces. The city, however, was strongly 
fortified, and the king, having made extensive preparations 
for a siege, continued to hold out, encouraged by an ancient 
prophecy, “that Nineveh could never be taken by force until 
the river became the city’s enemy.” For two years the siege 
continued; but in the third year, the Tigris, swollen by in- 
cessant rains, overflowed its banks, inundated part of the 
city, and swept away 20 furlongs of the lofty and massive 
wall, wMch had hitherto resisted all the attacks of the 
besiegers. The king, conceiving that, the oracle being thus 
accomplished, the doom of Nineveh was sealed, sullenly re- 
signed himself to fate. But that he might not fall into the 
hands of the enemy, he caused an enormous pile of wood to 
be erected in Ms palace court, on which he heaped together 
all his treasures— liis gold, silver, and royal apparel. Then, 
inclosing his eunuchs and concubines in an apartment within 
the pile, ordered it to be set on fire, and he, with all the objects 
of Ms guilty and sensual attachment, perished in the flames. 
The revolters entered through the breach which the river had 
made, took the city, and proclaimed Arbaces king. 

TMs was the end of the first great Assyrian Empire, and of 
the pride of Nineveh as its capital. Out of the ruins of this 
empire sprang three kingdoms— Bledia, Babylon, andNineveh. 
Belesis reigned in Babylon, Arbaces in Nineveh; and during 
the existence of the dynasties founded by these usurpers, the 
two kingdoms were engaged in frequent rivalry. Belesis, 
who reigned in Babylon b.o. 747^ is the same with Nabon- 
assar, and was succeeded by his son, Merodach-baladan. 
Sennacherib, one of the descendants of Arbaces, came to the 
throne of Nineveh b.o, 717, and extended his conquests 
westward to Palestine. His son, Esarliaddon, added Babylon 
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to Ms father's conquests, and thus the two great cities were 
again united under the same sceptre. Esarhacldon, after a 
iiotahle reign of thirty- nine years, was succeeded by his son, 
S^.aorsclucliinis; after this prince reigned Chyniladan, and he 
was succeeded by Saracus, b.o. 648. Under Saracus Nineveh 
was taken and 'utterly destroyed by Cyaxares, king of the 
lUodes, assists, d by La-byiiitus, king of Babylon, who is pre- 
iiiiimd. to have been the same as Nabopalassar. 

Thus perished tlie graat city Nineveh, upwards of six 
...ytiJniiies B.c., after liaving tiourislied as the capital of the 
Asw/Tian Empire, and the residence of mighty kings, for 
av^u'ly 2000 years. Babylon now became the capital of the 
Assyrian Empire. With NebuchadneEzar, who sue- 


‘•iv:'ecl his father Nabopalassar, commence.^ ti»e era of Baby- 











Eiiins of Babylon. 


Ionian greatness. Babylon became the mistress of the East, 
and Nineveli a mass of ruins. The celebrated Hanging Gar- 
dens, familiar to every reader of history, and other stupendous 
creations of wealth and labour, were added to Babylon in this 
reign by Nebuchadnezzar or Ms queen Nitocris. The Chaldeo- 
Baby Ionian Empire, which comprehended all Western Asia, 
was in the zeni til of its glory. On Nebuchadnezzar’s death 
It began to decline, and under Ms third or fourth successor 
it fell into the hands of Cyrus 
the Mede. He came at last,” 
says Xenophon, ‘Ho Babylon, 
brining with him a mighty 
multitude of horse, a mighty 
multitude of arms and javelin 
men, but slingers innumerable.” 
He made preparations to block- 
ade the city, but people laughed 
at the apparent folly of the un- 
dertaking. Babylon contained 
’Within its walls, not only gar- 
dens and large open spaces for 
purposes of pleasure, but a 
suSiclent quantity of land for 
tillage to support the iniiabit- 
ants during a siege. They knew 
that they had command of pro- 
. visions for twenty years at least. 
^ Gyrus had no intention of pro- 
J longing the siege. The river 
B Euphrates Sowed through the 
" middle of the city, and the 
crafty Mede “diig round Ihe 
wall on every side,” as Xeno- 
phon says, a very great ditch, 
and they threw up the earth 
towards themselves. In the 
first; place, he built turrets on the river, laying their founda- 
tions on palm-trees, that were not less than 100 feet in 


length — and palm-trees that are pressed bend up under 
their weight, as asses do that are used to the pack- 
saddle. He placed the turrets on these for this reason, that 
it might carry the stronger appearance of Ms preparing to 
block up tlie city.” Tlie people, laughed louder than ever at 
these preparations, and indulged in a reckless security, in- 
spired by fatal confidence. The ditches were finished, and 
one night when the Babylonians had a great festival, Gyius 
opened the sluices of the river into tliese vast reservoirs; the 
rive? deserted its ancient channel, that now became pass- 
able for an am.i 3 r, and Gyrus marched into the city and took 
possession. Babylon -was taken, and the second Assyrian 
Empire ended, b.o, 538. 

The city was shorn of its glory, and its imperial lioiiours 
destroyed. Eor two centuries it remained 
subject to the Persian power. Then it 
fell under the resistless arms of xllex- 
ander the Great. Here it was that the 
. , mighty conqueror died. Seleiieiis, one of 
his captains, received Babylon as Ms 
province; and, for a time, the Seleueidae 
^ ^ V made it the seat of empire. Babylon soon 

succumbed to Borne. It dwindled away, 
and ultimately sanlr "into desolation and 
niin. 

This immen.se city was long reduced 
to a few unsightly mounds, and has' 
I actually been buried in the soil for up- 
wards of 2000 years. A succession of 
writers have given a description of the 
mounds of earth and fragments of mas- 
sive walls, half buried in soil and sand, 
which constitute the remains of the once 
magnificent Babylon. No very beauti- 
ful works of art have been found in 
these rains; but bricks and gems, with 
inscriptions and sculptures, demonstrate 
the early connection which subsisted be- 
tween the Babylonian and Persian empires. 
The inscription upon the following specimen from Babylonia, 
now preserved in the collection of the Boyal Society of 





Sexagnuai Biirrst-clay Cylinder, 
from K.ouyunjik, containing 
part of the records of Senna- 
cherib, now in British. Masenm 


Literature, is read by Sir H. Rawlinson as follows 


(of) Nebuchadnezzae, 

the king of Babylon, 

founder of Beth Digla, or Saggalu, 

and of Beth Tzida, 

son of Nabopalassab ( .1 am). 
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Tradition assigned the eastern bank of the Tigris, opposite 
Mousul, as the site of Nineveh, But by the recent researches 
of M. Botta and Mr. Layard, the ruins of the mighty city of 
Nimrod have been identified beyond doubt. The cli.scovery 
and excavation of the fragments of this magnificent city are 
one of the great acluevements of our own era.. For more 
than 2000 years its knowii existence in the world was a mere 
tradition, associated with which were ideas believed to be 
more imaginary than real: ot ancient and Oriental magnifi- 
cence — palaces, temples, and towers, all buried in the dust. 
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and supposed to have left 130 traces except the exaggerations authors, the father of Cyrus was married to a Medmn 
of history. Suddenly this monument of ancient power and princess. After the death of Cambyses, the short usurpation 
grandeur, Fineveh, was exhumed from' its long sepulture, of a Magian priest was followed by the election, of Darius, a 
From a mass of shapeless mounds the e'vidences of its former Median nobleman, to the throne, in whose descendants the 
splendour lias been drawn -forth, its hieroglyphic inscriptions kingly character remained' till tlie subversion of,' the monarchy. 

The conc^uered Chaideau.s— and, still more, their 

subjccts— scGm never to have been .admitted to 

■ equality in civil matters with the mountain - 

warriors. Theintra-]Iaiytictribes,too,thetribes' 
..... of .Palestine, appear to have been held in; a posi- 

tion of dependence. 

On the oiganization of the supreme power, after ^ 
the final establishment of, the monarchy under 
■- Darius Hystaspes — excellent for the purposes of ■ 
monarch and of those ■ who governed , in : his ^ 

" name — the state was divided into- satrapies. In 

each a satrap wielded the civil and military power. ' 
Is His business was to preserve -peace , within ' his: ' 

province, to uplift and transmit to , the capital the --. 

L ' felliiilfe - ' ■■ -:iir f "3 ^oyal revenues, and to bring into the field,- at-a - 

iV/il'U'ilro ^ I s^oment’s warning, the whole military force of the : 

I province, or as much of it as might be called for - 
Throughout the empire the distance , 
between the most important cities was accurately ; 
measured; resting stations, were erected at' con- ' 
venient distances ; and establishments for expediting . 
royal messengers, and the ' conveyance ' of goods ■ 
and travellers connected with the court, were ' kej>t 
in constant efficiency. The only check upon the 
p - j:.--.' monarch’s will was the necessity of keeping in 

Palace of Nimrod. i^od. humour his powerful nobles, the chiefs of the 

Median and Persian clans. The power of the 
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nave been deciphered, its palaces have been ransacked for 
records, and history and tradition have been confirmed. 

A range of mountains runs across Asia from the south- 
western angle of Asia Minor to the Caspian Sea, the chain 
of Mount Taurus. From the eastern extremity of this 
chain several spurs stretch downward to the shores of the 
Persian GuK. The western slopes of these mountains, 
towards the Tigris, were inliabited % the subjects of Babylon 
and Nineveh. The eastern side, to the north, was the land 
of the Medes; the southern extremity of the range, that of 
the Persians. According to Herodotus, there were six tribes 
or clans of the Medes and nine of Persians. Five genera- 
tions before Cyrus — ^a name familiar to all readers of ffiblical 
historyr-tlie Median tribes had been brought into subjection 
by Deioces. His descendants had engaged in frequent wars | 
with their neighbours, the Assyrians of Nineveh. The Per- ' 
sian clans continued to be united among themselves till the 
time of Cyrus. He instigated his kindred clans to attack 
their neighbours; and, having made his kinsmen masters of 
the Medes, persuaded them in turn to allow him to be their 
master. The old hostilities between the Medes and the 
Mesopotamian tribes involved Cyrus in a war with the latter. 
Nineveh seems to have been taken by the last Median 
monarch a short time before the overthrow of his throne 
by Cyrus. Babylon was taken by Cyrus himself; and, by the 
conquest of these two mighty cities, the Assyro-Babylonian 
tribes were subjected to the Medo-Persian. Conquest in- 
fallibly leads to conquest, and war to war. Croesus of Lydia, 
the seat of whose empire was in Sardis, had, about the time 
that Cyrus finally humbled the Assyrian power, subdued all 
the Asian tribes north of the Taurus and south of the river 
Halys. The two conquerors came into collision, and Croesus 


nobles who obtained these rich satrapies would have beeii 
supreme, but for the necessity of paying to the king a 
portion of the tribute they exacted from the people, and 
of following him in his wars. If a satrap withheld the 
tribute, or disobeyed the royal mandate to call out and march 
his troops; if he goaded the people to rebellion and was not 
sufficiently energetic to crush that rebellion, he might be 
looked upon as a bad governor, and displaced. In no other 
way could he incur the royal displeasure, except, indeed, from 
the wMspered misrepresentations of courtiers. There was 
no security for the people in such a government. The 
Persian monarch was a general, and encamped his forces 
so as to secure all the wealth of the country they occupied. 
He had the power of making all male inhabitants capable of 
bearing arms serve as auxiliaries in his wars. The organi- 
zation of the public establishments had these ends in view, 
j and these only. 

Of the domestic manners, of the languages, laws, and 
religions of the tribes held in subjection by this skilful 
organization, our knowledge is scanty and confused. In 
i describing the civil organization and religious hierarchy of 
‘ special towns and districts, the historians never distinguish 
what was native and indigenous from what had been intro 
duced by the ruling powers, or by the aiuaigamation oi 
different tribes. 

Out of the historic chaos and confusion we may gather this. 
The Persian monarchy was built up of the fragments of the 
Babylonian, Assyrian, Egyptian, and Lydian realms. The 
Lydian had been formed out of the fragments of many earlier 
and smaller states in Asia Minor. The Assyrian had risen 
on the ruins of the Babylonian, Syrian, Hebrew, and Phoeni- 
cian nations. Their territories had been first wasted and thejj 


succumbed. Cyrus, not long after, fell leading his troops 
against the Scythians on the north-eastern frontier of his 
empire. His son, Cambyses, overran the parts of Syria and 
Palestine not previously subjected by the Assyro-Babylonian 
monarchs, and the greater part of Egypt. These conquests 
were confirmed by his successors on the Medo-Persian throne. 
The limits of the Medo-Persian monarchy, therefore, at the 
time it was brought into collision with the Greeks by en- 
croachments on their colonies, extended along the coast 
from the innermost recesses of the Black Sea to the shores 
of Syria. 

Over this wide expanse the whole power was wielded by 
the Median and Persian clans. According to the Greek 


peopled by conquered hordes removed tliitiier from a distance. 
The conquered had been forced to bow the knee to the gods 
of their conquerors. The conquerors, at the instigation of 
superstition or policy, had knelt in turn to the gods of the 
conquered. The Belus of Chaldea is the Baal of Scripture, 
the early object of adoration of the Aramaic tribes. Her- 
cules, so called by the Greeks of Tyre and Cartilage, is 
possibly the same divinity. In the Venus Urania of Cyprus 
and the nearest shores of Syria, we have the Ashtaroth, 
Queen of Heaven, of the Sidonians. Mithra was the Per- 
sian object of adoration; whether an incorporated divinity 
of the imagination or the sun, it is hard to say. The name 
Magi is common to a body of priests and to a Median tribe 
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Chaldean is in like manner a name .common to the priests of 
Bel and Babylon and to a warlike nation. 

At the time the E,a,st was aggregated into a single despotism, 
iii wMcIi tlie stores and treasures of antiquity were amassed 
in stroiigliolds, the West, exulting in .its rising strength, was 
seized wHI: the greed of impermlism ; and Rome, prepared by 
long and rniiod experience in warfare, resolved to heighten 
and consolidate its power by the humiliation of tlie ancient 
empires on whicl! the suns of centuries liad shone. Rome 
succeeded, and dominion passed from the East to the West. 


GEOGE-APHY.— CHAPTER ¥. 

PHTSIOAIj features of EUROPE — THE OEBAT PL.4IN — 
BfOUSTAIX SYSTi'niS—' .BOUKO ARIES — POT. 'I TT€ A L BTVTSTONS 
—.NATURAIj PHODUOTTONS, &C. 

T.he name Europe .makes it.s first appearance as a geographical 
desigiifitioii, twice repeated, in precisely t!ie same terms, in iin 
old Greek “ H 5 ’mn to Apollo,” attributed to .Horner. Hero- 
dotus mentions it several times. In ‘^Melpomene” (45) he 


Strait of Kaffa, at the .entrance to the Sea of Azof, it 
extends to almost 20,000 miles. The , proportion of linear 
miles of coast-line to scjiiare miles of aresr is in Africa 5250, 
i in Asia 376, in America 360, and in Eiiropie 164. Land- 
I masses exhibit also a greatly diversifi.ed surface in rega,rd to 
■elevp4i.on above the sea-level amd the vertical contour of tlieir 
features. Tlie ea.rtld.s crust presents to us lofty ranges of 
saw-like summits, jagged edges rising into the clouds, elevated 
ridge.s, or isolated peaks. The mean l.i eight of all tlie elevated 
parts of the surface of tlie earth above the level of the sea, 
if estimated, as Humboldt suggested, . at about 1000 feet, tlie 
proportionate height of the continents miglit be stated as— *■ 
Europe 671 feet, Asia 1132, North America 748. South 
A.merica 1151, and .Africa somewhat more than .Eiirope, but 
less tlian Nortl.! America. 

The continents of tlie Old Wbrld form a closely-compacted 
mass of land, grouped togetlier as the Eastern ilemispliere. 
Of the tliree greiit maiiilaiids of tliesc pliy.sien.1 regions wliid}, 
have been, from the most remote antiriiity, the scenes of 
I human history, Europe is the smallest, Asia contains nearly 
nme-seventeen.tlis, Africa rather more tlian six-seventeenths, 


says, “ ,It is not dear whence it received this name, nor who 
gave it, unle.ss we will say that the region received the na.me 
From the Tyrian Siiropa, . . . . yet she evidently belonged 
tci Asia, and never ca!i,ie into that country which is noiv called 
Europe by the Greeks;” and in “Polyhymnia” (5) -he repre- 
sents Mardonius, son of C4obrias, cousin to Xerxes, as saying 
tliat “ Europe was a very beaiitifu! country, and produced all 
kinds of cultivated trees, and was very fertile, and Tvas worthy 
to be possessed by the king (Xerxes) alone of all mortals.” In 
tiie early da'wn of existence the lofty forms of mountains and 
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and kept them surrounded by impressions of wonder, magni- 
ficence, and distance. By and by, the ardent and the liardy 
ventured to pass these natural barriers, and enter upon 
new stretches of pasture and grain land. Though Agenor’s 
daughter Biiropa was, according to mythological fable, first 
airried over sea from Phoenicia by Jupiter, in the assumed 
shape of a bull, to Crete, the largest island in the Mediter- 
ranean; and thus the queen of beauty in Canaan — the low- 
land of the Asiatic shore — gave her name to the slip of land 
seen seaward from the heights of Idsea ; yet the land must 
have been peopled by many others who had more prosaic 
means of migration. The Greeks inhabited the south-eastern 
corner of Europe, and by them the knowledge of the geography 
of the Continent was not much investigated. Phoenician 
navigation was checked by its subjugation to Persia. Greece 
lost, with its freedom, the spirit of discovery, and the Ronnans 
were never much given to naval enteiprise. Tlie mountains 
which separate the soutliern sea-board from the great plain, 
through w.liicl:i the vagrant hordes of early times wandered 
without settled government, restrained for a ■ while the exten- 
sion of power into the regions of the north, and hence little 
was known of the land beyond the Alps till ambition and 
warfare— afterwards succeeded by the humaner influences of : 
coninmrce— extended the boundaries of knowledge, not by 
voyages of discovery, but by direct experience. 

The land-surface of the earth is the residence of man. 
Its parts are distinguished by differences of position, extent, 
and form. Position is either positive or relative; the former 
is determined by giving details of latitude and longitude; 
the latter by stating the sea or land boundaries. The greater 
part of our ideas concerning the surface of the land-masses 
of the earth is obtained from maps or globes. These, in 
general, confine themselves to the exhibition of the horizontal 
configuration of the surface, and give little information re- 
garding its vertical form and contour. Configuration depends 
on the sea boundaries, but form above the sea-level is also a 
necessary element of geographical knowledge. The ocean is, 
as its name implies, the encompasser. Continents are those 
land-masses which the sea surrounds. Each continent has 
Its own peculiarities of configuration and its special features 
of inequality of level. All the shores of Europe, for instance, 
are deeply indented by bays, gulfs, and inland seas. Hence 
Its coast-line is more varied and greater in proportion to its 
area than that of any other continent. Taking its course 
from the Strait of IWaygatz, in the Arctic Ocean, to the 


and Europe somewhat less tlian two-seventeeiitlis of tlie .sur- 
face of that old continental land-mass. Eii.rope, liowever, within 
its space is more varied and more peculiarly, organized tlmn 
any other of the great divisions of the eartli. It stretches 
between the thirty-sixth and the seventy-first degrees of 
north latitude, and between the tenth degree of west and 
the sixty-fourth degree of east longitude. Its greatest length, 
from its soutli-w^estern to its north-eastern extremity, is 3490 
miles; and its gimtest breadth, from its, soutli-eastem to its 
north-western extremity, is about 2400 miles. The superficial 
area is about 3,822,000 square miles, and its population 
over 350,000,000. 

Considered in configuration, Europe is in fact a large 
peninsula cut up by sea-arms into several smaller peninsulas, 
so that- the non-peninsular dry land is relatively very small 
when considered as a central body of con.nected and con- 
tinuous extent. Her two great inland seas, her large interior 
plain, and her dorsal framework or backbone of. mountains 
form the more prominent of the physical features she presents. 
The great plain we might represent to ourselves as a triangular, 
area having as its base the eastern boundaries, its apex, in 
Holland, one side bounded by the Wliite Sea and the Baltic 
Sea, and the other by the Caucasus, the Black Sea, and tlie 
Carpathians. Between the outlets of the Elbe and 
Scheldt the land scarcely rises more, than. 100 feet a.bove 
the sea level, while some parts of the shore along the Ge,m:ian 
Ocean are so low as ' to require to be dyked up to prevent . 
the inroads of the waves. Tjyi.ng between the Elbe arid tiie 
Yistiila, a water-shed of about 150 feet separates the small 
rivers which fall into the Baltic Sea from those wMcI'i take 
their course along the interior of the plain. Ea<st of the 
upper reaches of the Vistula the rivers rise in the .uplands 
of the plain they di’ain, and flowing north-west make their 
wa.y to'tlie .Baltic, or north to the White Sea, or south and 
south-east to the Black Sea or the Caspian. ;... . 

In the west this plain is covered witli moor and lieath. 
tensive portions of fertile farmland and •well-w'ooded lireadth.s, 
with alluvial tracts, occur along the river-courses. The 
rivers which drain tliis part originate in the mountain regions 
to the south of it, and mostly traverse it in a northerly or 
north-westerly direction. Eastward the acclivities of the 
Carpathians form a fresh water-shed. Along the basin of 
the Priepec an immense swamp extends for a space almost 
as large as the surface of England. An undulating country, 
in which the Don and the Dnieper have their upper courses, 
passes upward to the Valdai Hills providing the sources 
of the Volga, and on its eastern slopes showing the immense 
forest land of Volkliousky. North of this water-shed the 
land is moderately fertile, and contains many large lakes. 
On the soutli of it the land is more fertile for a width of 
300 or 400 miles. East of the Volga the country is hilly, 
traversed by offsets from the great ranges whose slopes are 
clad with forests, and by valleys of moderate fertility where 
there is any breadth to cross. Then there is the region of 
the stepipes — the higher, in the western part of the plain, 
extending to the shore of the Black Sea; the lower, on both 
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sMqs of the Volga and onwards to the banks of the Ural, between the two mountain districts of Europe, one on the 
Except near Astraklmn they exhibit few signs of agriculture, north, the other on the south. 

f he whole plain occupies about two- thirds of the continent The great mountain framework of Europe commences m 
•'2,500,000 square ■ miles), and separates or lies embraced the west with the outlying rock of Gibraltar (1457 feetjj 



Astrakhan. 


which is separated but by a strait of 11 miles from Mount saw-like sky-line of notch and peak — running through Spain 
4.ccho, which indicates its relation to the Atlas range of and Portugal in a general direction from east to west, parallel 
Africa. In a series of seven ranges of sierras— presenting a with the shores of the Mediterranean, there is contained the 



fiiatterhoni. 


loftiest plateau on the continent. It rises to the height of system except the Alps. The Pyrenees form a huge rampari 
2000 to 3000 feet, and covers an extent of 90,000 square lying between the two seas and dividing France from Spain 
miles, one-half of the entire country. The summits of these by a narrow single ridge, whose crest is only broken by a few 
mnges show heights unsurpassed by any European mountain- ports in the waU-like summit. 
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PEiNOiPAi Eueopban RivEKS.—Of the running ^ waters 
ol Europe the different seas are calculated to receive the 
following proportions, supposing the whole to be equal to 
100: — The White Sea and Arctic Ocean are estimated to 


receive 6 parts; the North Sea, 11; the Baltic, IS; the 
Atlantic,, 13; the Mediterranean, 14; the Caspian, 16; and 
the Black Sea, 27. The elements of the more important 
rivers are given in the table: — 


Rivers. 

Length in 
Miles. 

Area of Basin. 
Square Miles. 

JSmbouclmre. 

Principal Places from Mouth to Sources on the Main Chanueie.. 

Dwina (Northern), . 


760 

144,000 

White Sea. 

Archangel, Vologda 

Neva, 


40 ■ 

91,000 

Baltic. 

St. Petersburg. 

Dwina (Sontliern), . 


550 

45,000 


Riga, Vitebsk. 

Niemeii (Memmel), 


400 

43,000 


Tilsit. 

Vistula 


630 

76,000 

u 

Dantzic, Thorn, Warsaw, Cracow. 

Oder, 


550 

63,000 

u 

Stettin, Frankfort, Breslau. 1 

Elbe, ..... 


690 

57,000 

North Sea. 

Hamburg, Altona, Magdeburg, Meissen, DresdeiL 

Weser, .... 


880 

17,000 

u 

Bremen, Minden, 

Rhine, . . . . 


760 ) 

88,000 

s 

Leyden, Cologne, Bona, Coblenz, Mayence, Strasburg, Basel. 

Meuse, . . ' « . 


550 ) 

i 

Rotterdam, Miiestricht, Lihge, Namur. 

Thames. .... 


215 

6,160 


London, Windsor, Reading, Onford. 

Seine, ..... 


430 

30,000 

Atlantic. 

Havre, Eouen, Paris. 

Loire, ..... 


570 

48,000 

U 

Nantes, Orleans, Nevers. 

Garonne 


S50 

33,000 

u 

Bordeaux, Toulouse. 

Douro, .... 


460 

39,000 

ti 

Oporto, Zamora. 

Tagus, .... 


510 

1 34,000 

U 

Lisbon, Abrantes, Talavera, Toledo. 

Guadiana, . . . 


450 

1 26,000 

it 

Badajoz, Merida. 

Guadalquiver, . . 


290 

! 20,000 

u 

San Lucar, Seville, Cordova, Viiiafranca 

Ebro, . . . ® . 


420 

^ 34,000 

Mediterranean. 

Tortosa, Saragossa, Tudela. 

Rhone, .... 


490 

38,000 

u 

Arles, Avignon, Lyon, Geneva. 

Po, 


450 

40,000 


.Ferrara, Cremona, Piacenza, Turin. 

Silistria, Rustchuk, Widdin, Belgrade, Buda-Pesth, Pressburg. 
Vienna, Ratisbon. 

Danube, .... 


1630 

310,000 

Black Sea, ^ 

Dniester, .... 


700 

31,000 

200,000 

a 

Ovidiopol, Bender. 

Dnieper, .... 


1200 

“ 

Kherson, Kiev. 

Don, , , . . , 


1100 

205,000 


Azov, Tcherkask. 

Volga, .... 


2200 

520,000 

Caspian. 

Astrakhan, Sarepta, Saratov, Kasan, Nijni-Novgorod, Tver, 


Lakes of Europe. — The lakes of Europe are neither very 
numerous nor very important. There are numerous small 
sheets of fresh water which serve to vary, beautify, and 
enliven the scenery of the countries of which they form a 
part; but they are of little or no importance in a commercial 
point of view. Even the largest of them, when compared 
with the vast inland seas of North America, scarcely deserve 
the name of lakes:-— 

In Russia — Ladoga and Onega. 

“ SwEUEN — Wener and Wetter. 

“ SwiT 2 SERi/AHi) — Lake Oeneva and Lake Lucerne. 

Between Switzerland and Germany, Lake Constance. 

In Enouani) — B erwentwater, Ullswater, Windermere. 

“ ScoTUANn— Lochs Lomond, Awe, Tay, Leven, Ness. 

" Ibelarb — Killarney, Neagh, Erne, Allen. 

“ Italy — Maggiore, Liigajio, Como, Iseo. 

Greece — Topolias (Copals) in Bmotia. 


THE FRENCH LANGUAGE.— CHAPTER VI. 

a. DETERMINATIVE ADJECTIVES: DEMONSTRATIVE, POSSESSIVE, 
INDEFINITE, NUMERAL. 

Adjectives in French show, as we have seen in Section I. 
(Qualificative Adjectives), a kindlier affection towards their 
nouns than English adjectives do. In their extreme complais- 
ance, they assimilate both in number and gender to the noun 
whose qualities they denote, or whose place they for the time 
being supply. The French are peculiarly anxious to secure 
clearness of expression, and, that tins end may be gained, they 
employ with special care all those words which help to dis- 
criminate between things, and to determine precisely not only 
what sort of things, but winch particular individuals are re- 
ferred to in speaking. Hence they have not only a greater 
number of determinative adjectives tlian we Iiave, but they 
are much more careful in their use of them. 

Determinative adjectives are used before nouns to point 
out with special distinctness the exact one to which reference 
is made. They are of four kinds: demonstrative, possessive, 
indefinite, and numeral. 

(1) D&momtratvoe adjectives are those which particularly 
point out the thing of which we are speaking. These are ce 
or cet, singular masculine; cette, singular feminine; and ces. 


plural for either gender. €e is used before a consonant or A 
aspirated; cet (in which t is purely euphonic) is used before 
a vowel or an A silent. 

The foiiowirig examples sufficiently show the use of this 
adjective: — 

Fm. 

cette fiUe, that ^irl, 

cette ^oole, that school, 

cette herbe, that grass, 

ces dames, those ladies. 


Mas, 

ce soldat, that soldier. 

cet enfant, that akiid, 

cet liomme, that man, 

ces gar90iis, those bogs. 


The demonstrative adjectives are repeated before each noun 
which they serve to point out; as Ge petit gargm^ cet homme, 
cette femmCj et ces enfmits sofit digms de la pitU quails vom 
ont inspires, This little boy, this man, this woman, and these 
childi'en are worthy of the compassion wit!) wiiich they have 
inspired you. 

These words have been sometimes classed as demonstrative 
pronouns. They are not, however, used instead of nouns, but 
they accompany them, and hence ai*e really adjectives. 

When it is thought necessary to call attention very dis- 
tinctly and emphatically to a noun, ci and la^ meaning here 
and there^ are added to the noun which has ce placed before 
it; as Cet enfant-ci, Tliis ciiild here, or tills very child; Cet 
honmne-ld^ That man there, or that very man. 

Masculine. 

ce livre-ci, this book. ce livre-ia, that book, 

ces hommes-ci, these men. '■ ces hommes~ih, those men. 

We may note here that care must be taken to distinguish 
between this ce and se^ a reflective pronoun, as well as ses^ a 
possessive adjective winch expresses the idea of possession by 
a person, from ces, the demonstrative adjective, winch merely 
acts as an indicator of particular things; as Dans ces temps 
(Fince^'titzcde Vhomme a ses hens et ses inauvais jours, In 
these times of uncertainty man !ias his good and his evil days. 

There is a demonstrative pronoun, ce, winch is always joined 
to the verb etre, or followed by the pronouns qui^ que, qmi, 
dent, that must not be confounded with this ce, wliich inva- 
riably precedes its noun and agrees with it. The chief use of 
that pronoun which is joined with itre {dest) is to point out 
the most important or emphatic word or words in the sen- 
tence; the emphatic word ought immeniateiy to follow dest: 
(Test d pied que ouas aUez demain d Lond/res^ You wdllc to 
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London •co-morrow; C’est d LonUres q%e mm allez demain, 
You walk to London to-morrow; O'^e^t demain qm mm alUz 
d Londres, You walk to-morrow to London. 

The same rule lioids good with regard to its use as an in- 
terrogative: Est-ce d pied que vous allez demain dZondresf 
Est-ce d Londres que mm allez demain? Est-ce demain que 
vous allez d Londres? 

(2) Possessive adjectives modify the nouns before which 
they are placed, by indicating that the things of v/hich they 
are the names are possessed by some one who is indicated by 
the possessive adjective.. They are always placed before the 
substantives to which they refer, and agree with them in 
number, gender, and case, except that mow, t07o^ son are used 
instead of ma^ sa, before feminine nouns beginning with 
a vo’vvel or h; as man mie, my soul; ton Spouse jthj wife; 
son konnetete, his honesty. This is done to avoid the coming 
together of the two vowels; as sa kumem\ Euphony in this 
case overcomes the claim of gender for recognition. Son and 
sa take the gender of the noun they qualify; as son mari^ her 
husband; son chapeau^ his or her hat; sa femme ^ his mfe; 
sa mo'/Ure^ his or her watch. The possessive adjectives are — 


Singidar. Plural. 


Ma&. 

Fenw 

Mas. or F&sn. 


Mon, 

ma,. 

mea,'. 

my. 

Ton, 

ta, 

tes, 

,, thy. 

Son, 

'sa, 

.ses, 

his, her. its. 

Notre, 

notre, 

nos, 

OUT. 

Votre, 

votre, 

VOS, 

your. 

Lenr, 

leiir, 

lenrs, 

their. 


EXAMPUES. 


Ancun chemia de flenrs ne con-^ 
duit ^ la gloire, 

Ils sent du m6me age et de la 
mime stature, 

Je ne sais pas quel auteur a dit 
cela, 

Un tel honime est de nuUe con- 
sequence, 

Chaque a certains devoirs, 

Maintes femmes sont timides, 
toutes sont laibles, 

Nul jouet ne plaira h> un gar- 
den pareil. 


Wo path of flowers leads to 
glory. 

They are of the same aye atid 
of the .mme stature.. 

I do not know what mnhoT 
has said that. 

Such a man is of no conse- 
quence. 

Each age has certain duties. 

Many women are timid, all 
are weals. 

No toy will please such a boy 
(as he is). 


The above words are sometimes used adverbially; as 22 est 
tout €hanpe, B.e is quite changed; les femmes et mSme les 
enfants, the women and even the children. When used in 
this way, they do not agree , with the noun, except tcut^ which 
changes for the sake of euphony before an adjective or a past 
participle in the feminine beginning with a consonant or A 
aspirate; as Elies sont toutes chaiigees, They are quite changed. 

(4) Numeral adjectives denote either (1) number or quan- 
tity, when they are called cardinal; or (2) rank or relative 
position, when they are called ordinal. 

Cardinal numbers refer to collections of things, and enable 
us to say how many individuals there are in the collection; 
ordinal numbers enable us to arrange these individuals in 
their proper place, as first, second, &c. They will be found 
side by side in the following columns, with which the student 
should make himself thoroughly familiar:— 


EXAMPLES. 



Fern. 

Plural. 

Mon pire, 

ma mire, 
yny mother, 

mes parents, ■ 

My father. 

my relations. 

Ton frire, 

ta Boeur, 

tes cousins, 

Thy brother, 

thy sister. 

thy cousms. 

Son enfant, 

Ser child, 

sa tante, 

ses ondes, 

his aunt, 

his uncles. 

Notre livre, 

Our hook, 

notre plume, 

nos hardes, 

our pen. 

our clothes. 

Votre habit, 

votre oie. 

vosbiseanx, 
your birds. 

Your coat, 

your goose, 

Leur coq, 

lenr poule, 

leurs dnes, 

Their cook, 

their hen, 

their asses. 


Possessive adjectives are usually repeated before each noun 
which they specify or particulame. The common usuage is 
.When two adjectives having dissimilar meanings qualify 
the same noun, and thus really make the noun represent two 
distinct tlungs, the possessive adjective is placed before each; 
as Notre bonne et notre vumvaise fortune, Our good and 
'ill luck.' , 

But when two or more adjectives are of nearly similar 
meaning, and thus really the same things are signified by the 
noun, the possessive adjective is only placed before the first; as 
Nos beUes et fertiles plaines, Our beautiful and fertile plains. 

(3) Indefifiite adjectives qualify nouns by referring to them 
in a vague* general, and impersonal way. They are— 


Singular. Plural. 


Mas. 

Aucun, 

Fern. 

aucuiie, 

Mas. 

aucuns, 

Fern. 

aueunes, 

any. 

Autre, 

autre, 

autres, 

autres, 

other. 

Certain, 

certaiue, 

certains. 

certaines, 

certain, some. 

Chaque, 

chaque, 

— 

^ ' 

each. 

Maint, 

raainte, 

maints, 

maintes, 

many. 

Mime, 

menie. 

memes. 

mimes, 

saTne, self. 

Nul, 

nulle, 

nuls, 

nulles, 

pareiiles, 

no, none. 

Pareil 

pareille. 

pareils, 

such. 

— . 

— 

plusieurs. 

plusieurs. 

several. 

Quel, 

quelle, 

quels, 

quelles, 

what. 

Queique, 

quelque, 

quelqueb, 

quelques, 

a few, so7ne. 

Quelconque, 

quelconque, 

quelconques, 

quelconques, any, some. 

Tel, 

telle, 

tels. 

telles, 

such. 

Xuat, 

tuuce, 

touts. 

toutes. 

all, every. 


These words obey the usual rules for the fonnation of the 
feminine and of the plural of adiectives 

VOL. T. 


CARDINAL NUMBEKS. ORDINAL NUMBERS. 

1 Un, TO.,- me,/ 1st premier, to.,- premilre,/. 

2 Deux (dw)* deuxilme (or second, to. ^ 

seconde, /,* prom isre-^o»). 
S Trois {trwo). 3rd troisilme. 

4 Qnatre (hair). 4th quatrilme. 

3 Cinq (ganh). 5tb oinquilme, 

6' Six (see. or seess). ■ '6th. sixilme, ■ 

7 Sept (seO* 7th septilme. 

8 Hnit (weet). 8th hnitilme, 

9 Neuf 9th ueuvilme. 


10 0ix (flee or dmss). 

lOtb dixilme. 

11 Ouze. 

11th onzilme. 

12 Douze, 

12th douzieme. 

13 Treize {irayzd). 

13th treizilme. 

14 Quatorze, 

14th quatorzieme. 

15 Quinze. 

15th quinzieme. 

16 Seize (sayze) 

16th seizieme. 

17 Dix-sept 

17th dix-septilme. 

18 Dix-huit. 

18th dix-huitieme. 

19 Dix-neuf. 

19 th dix-neuviline. 

20 Vingt (vant). 

20th vingtieme. 

21 Vingt-et-un. 

21st vingt-et-unilme. 

22 Vingt-deux. 

22nd vingt-deuxilme. 

23, Vingt-trois, 

23rd vingt-troisiline. 

24 Vingt-quatre. 

24th vingt-quatrilme. 

25 Vingt-cinq. 

25th vingt-cinquibme. 

26 Vingt-six. 

26th vingt-sixilme. 

27 Vingt- sept. 

27 th vingt-septilnae. 

28 Vingt-huil 

28th vingt-huitilme, 

29 Viiigt-neuf. 

29 th vingfc-neuvilme. 

30 Trente. 

30th trentilme. 

31 Trente-et-un. 

Slst trente-et-unilmc. 

32 Treiite-deux. 

32nd troiite-deuxilme. 

&c. &e. 

&c. &c. 

40 Quarante. 

■ 40 th qnarantilme. 

41 Quarante-et-un. 

41st quarante-et-unieme. 

42 Quarante-deux. 

42iid quarante-deuxikne. 

&c. &c. 

&c. &e. 

50 Cinquante. 

50 th cinquantilme. 

51 Cinquante-et-uE. 

&c. &c. 

51st cinquante-et-uailrntt. 

&C. &C, 

60 Soixante. 

60th soixantilme. 

61 Soixante-et-un. 

61$t soixante-et-unilme. 

62 Soixante-deux. 

62nd soixunte-deuxilme. 

too. <S;c. 

&c. &c. 

70 Soixante-dix. 

70th soixante-dixilme. 

71 Soixante-onzfc. 

71st soixante-onzilme. 

72 Soixante-douze. 

72rHi soixante-douzilme. 

73 Soixanre-treizei, 

73rd solxantrs-treizieme, 
39— 40 
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74 Soisante-qnatorze. 74th 

75 Soixante-qninze. 75th 

76 Soixante-seize. 76th 

77 Soixante-dix-sept. 77th 

78 SoixaBte-dix-hiiit. 78th 

79 Soixaiite-dix-neuf. 79th 

80 Quatre-virigt. 80th 

81 Qaatre-vingt-nn. 81st 

82 Qaatre-viDgt-deus. 82nd 

83 Quatre-vingt-trois. 83rd 

84 Qaatre-vingt-qiiatre. 84th 

85 Quatre-vingt-duq. 85th 

86 Qaatre-vingt-sis. 86th 

87 Quatre-vingt-sept. 87th 

88 Quatre-vin^-hiiit. 88th 

89 Qnatre’'Vmgt-'Tieuf. 89th 

90 Quatre-vingt-dis. 90th 

91 Qimtre-vingt-oiize. 91st 

92 Quatre-vingt-donze, 92nd 

93 Qnatre-vingt-treize. 93rd 

94 Quatre-vingt-qnatorze. 94th 

95 Qnatre-vingt-quiiize. 95th 

96 Quatre-viiigt-seize. 96th 

97 Quatre-vingt-dix-sept. 97th 

98 Quatre-vingt-dix-hnit. 9Sth 

99 Quatre-vingt-dis-neuf. 99th 

100 Gent. 100th 

101 Gent-un. 101st 

102 Gent-deux. 102nd 

200 Deux-cents. 200th 

1000 Mille. 1000th 

1001 Mille-nn. 1001st 

lOOOO Dix-mille. 10000th 


ORDINAL NITMBERS. 

soixante-qnatorzifeme. 

soixante-quinzieme. 

soixante-seizihm e. 

soixante-dix-septihme. 

soixante-dix-htiitihme. 

soixante-dix-neuvifeme. 

qnatre-vingtieme. 

quatre-vingt-unihme. 

quatre-Tingt-deuxihme. 

quatre-vingt-troisifeme. 

qnatre-vingt-qnatriem e 

quatre-vingt-cinquifeme. 

qnatre-vingt-sixi^me. 

quatre-viiigt-septifeme. 

qiiatre-vingt-hiiitihme. 

quatre-vingt-nenvihmcs, 

qnatre-vingt-dixihme. 

qnatre-vingt-onzihme, 

qnatre-dngt-douzidme. 

quatre-viiigt-treizieme. 

qnatxe-vingt-qiiatorzieme. 

quatre-vmgt-qninzihme. 

qimtre-virigt-seizihin e. 

quatre-vingt-dlx-septihme. 

qnatre-vingt-dix-huitieme. 

quatre-vijigt-dix-nenvieme. 

centi^me. 

cent-unihrae. 

cent-deuxibnie, 

denx-centihme. 

millihme. 

mille-uni^me. 

dix-miliifeme. 


The ordinal numbers become adverbs by adding ement 
or ment; as premihrement, secondeynent or denxiememmit^ 
trom^menie7it, &q. 

There are three other sorts of numbers, which may be 
called fractional, collective, and proportional. 

(1) M'actional, expressing a part of a whole — 


Demi, 
Demie. 
Moitid ^ 
Le tiers, 


■’I 

le, y 
;id) 


, Le quart, the fourth, 

the half. ' Les deux tiers, two-thirds. 

Les trois quarts, three-fourths, 
the third. Un cinquihme, one-fifth. 


(2) Collectwe, denoting a certain number or quantity 
thought of as a whole — 

a couple. I Une centaine, a hundred, 

a dozen. 1 Un millier, a thomand. 


Une couple, 
Une douzaine, 


(3) P7'oportio7ial, holding a certain quantitative relation 
to one another and to some whole — 

Le double, the double, j Le quadruple, the fourfold. 

Le triple, the treble, ! Le centuple, the hundredfold. 

The following miscellaneous observations will supply guid- 
ance in the use of numerals: — 

Numeral adjectives are of either gender, except %7i.,premm\ 
and second^ which add e in the feminine. 

The last letter of cinq^ sept {p mute), hiit, neuf disc is 
pronounced when these numerals are at the end of a sentence, 
or are followed by a word beginning with a vowel. 

Note that et (and) is added between the numerals in 21, 
31, 41, 61, and 61, but not in 71, 81, 101, 1001, which are 
soixante-o%ze^ quatre-7)ingt-un^ cent-un, mille-%n. Of course 
the t of et is not sounded; e.g. mngt-et-un is pronounced 
van-tag-un. 

When the smaller numbers are compounded with others a 
hyphen is used; as dix-s^t, 17, quatre-vingt-seize^ 96. 

Notice that the French Imve no single numeral for 70, 80, 
and 90: the numbers go on from 60 to 79; thus, sixty- ten 
= 70, sixty-eleven = 71, &:c., to sixty-nineteen = 79 ; then 
fourscore = 80, fourscore-one = 81, &c., to fourscore-nine- 
teen =99; 0 is called zdro. 

Except in the case of le premier and le second, the ordinal 
numbers are formed from the cardinal ones, by (1) changing 
e mute into ihme for those which end with a vowel; as quatre, 
quatrihme; by (2) adding i^me to those which end in any 
other consonant than /; as trois troisihme; diios, dixieme. 


except cinq, which takes n before ihne, cmqmhne; and (3) 
by changing those wliicli end in / final into v before adding.. 
i&ne; as neuf neuvieme. 

in English, people always use the ordinal numbers when 
they put a date to anything; in French, on the contrary, the 
cardinal is .most commonly used (except the first, wliicli is 
ordinal) ; thus, the French say le premier Jmvdier, tlie first 
of January; le cinq Mai^ the fifth of May. 

The English use of the ordinal numbers with an article 
after the Christian name of a sovereign differs from that of 
the French, who use the cardinal (the first excepted), .and 
never put an article before them; as He^iri premier, lle-nn 
deux, .Henri trois, Henri qtmtre, Henry the first, Henry the 
second, Henry the third, Henry the fourth. 

When two numerals are joined together the larger tnices 
the first place in French; thus we say rmgt-cmq, virngt-six, 
and not cinq et rirngt, five and twenty, six et vingt, six and 
twenty, as is sometimes done in English. 

When 'Several numbers meet together the French do not 
put any conjunction between them; thus they say cent-iingt, 
cent-trente, and not cent-et-mngi, ceyit-et-trente. a hundred 
and twenty, a hundred and thirty. 

The Engiisli word tlioiisaiid is rendered in French (1) by 
7ml, with one I only, when it is used for the date of the year, 
and (2) by ^nille, with lie, in other cases; as ran 7nil /mii- 
cent quatre-vingt-hiit, in tlie year one tliousand eight hun- 
dred and eighty-eight. 

Mille, meaning a thousand, never takes an s, so we use 
deux mille, two thousand; but when mMle means a mile it 
takes s in the plural: as deux milles, two miles. 

When ce7it and mille are followed by a number they are 
never in French preceded by the word un, as they are in 
English by the word one; thus, the French cent cinquante 
for one hundred and fifty. 

In speaking of several score or hundred, the words mngt 
and cent take an s only when not followed by another iimnerai; 
thus trois-cents soldais, three hundred soldiers; but trou-ceni 
vmgt-six soldats, three hiindi'ed and twenty-six soldiers. 

the word million is a collective noun, and takes the plural 
termination; as dmx millions, dix millions. 

Numbers not mentioned in these observations are imh^- 
clinable. 

The French way of specifying time is as follows: — 


Midi 

Minuit, ...... 

Ginq heures, ..... 

Cinq heures dix (or et dix minutes), 

Cinq heures un quart (or et un quart), , 
Cinq heures et demie, .... 

Six heures moins un quart, . 

Six heures moins dix (minutes understood). 


noo7i. 
midnight, 
five- o'clock, 
ten minnfes pastfve. 
quarter pa^itfre, 
half past Jim. 
q?jnrter to six. 
ten minutes to siv. 


Note that de'mi, half, takes the feminine when keure is 
expressed or understood; but in a sentence like midi et demi 
(12.30 p.m.) it is masculine, to agree with inidi 


CHAPTER VII. 

PRONOUNS — PERSONAL, DEMONSTRATIVE, POSSESSIVE, 
INDEFINITE, RELATIVE, INTERROGATIVE. 

Pronouns are words used instead of nouns. In certain 
instances they vary to indicate number, gender, and case. 

They may be arranged in six classes: — I. Personal; II. 
Demonstrative; III. Possessive; IV. Indefinite; Y. Relative: 
VI. Interrogative. 

I. Perso7ial pro7iouns are those which represent either 
persons or things in their relation to ver-bs. They are dis- 
tinguished as belonging to three persons. 

The first denotes the person who speaks; as Je vais, I go; 
fenseigne, I teach. 

The second denotes the person spoken to; Tu iras, Thou 
wilt go; Vous enseignez, You teach. 

The tiixrd denotes the person or thing spoken about; as 
R m, He goes. 

Pronouns are called (1) conjunctive, or (2) disjunctive, 
according to their position in the sentence. 
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(1) Conjunctim pronouns accompany a verb, and are not 
separated from it by a conjunction or preposition expressed 
or understood. 


OOXJUirOTIVE PEBSONAU PB0N0T7XS, 


Nominative 

Dative 

AceusaUve 

(subject). 

(indin 

ict object). 

(direct object). 

Je, I. 

me, 

to 7m. 

me, 

me. 

Tu, thou. 

te, 

to thee. 

te, 

thee. 

11, he or it. 

M, 

to him or it. 

le, 

him or it. 

Eile, she or it. 

lui, 

to her or it. 

ia, 

her or it. 

Nous, we. 

nous, 

to m. 

nous, 

us. 

Vous, you. 

vous, 

to you. 

vous. 

you. 

lis, they (mas.) 

leur. 

to them. 

i les, 

them. 

Elies, they (fern.) 

leur, 

to them. i 

1 les. 

them. 

Se expresses all 

numbers. 

genders, and cases 

of himself, 


kerself, itself, each, or one another. It refers only to the 
third person, and is often called a reflective pronoun. 

En stands for of or from him, her, it, them; it also means 
thence, 

F stands for to him, her, it, them ; it also means there or 
thither. 

En, however, is commonly used with the meaning of ox from 
it, and y with the meaning to it or thither. 

Notice that some of the above pronouns have the same 
form as the definite article le, la, les; as a rule these words 
will be found to be articles when they accompany nouns, and 
pronouns when they accompany verbs. 

The above pronouns always follow the verb in interrogative 
sentences; as Amz-vous une plumed Have you a peni They 
also follow a verb when it is in the imperative ; as Donnez-le 
leur, Give it to them (except in a negative imperative sentence, 
when it precedes the verb ; as Ne le ^nnezpas, Bo not give it). 
In all other cases they precede the verb. 

When two or more pronouns come together they are ar- 
ranged in order according to the following rules: — The sub- 
ject comes first, next the indirect object, then the direct object; 
as f/e mus le donne, I ^ve it to you (literally, I to you it give); 
but if there are two objects, and both are in the third person, 
then the direct precedes the indirect object; Ou^Jele Ini donne, 
I give it to him (literally, I it to him give). 

The e of is always omitted before a vowel; as fai, I have. 

(2) Disjunctive pronouns are those which can be used alone, 
or, if in a sentence, are separated from the verb by a conjunc- 
tion or preposition expressed or understood. 

niSJUBOTIVE PEBSONAL PBONOUNS. 

As Subject. As Object. i As Subject. As Object. 


Moi, 


me. 

\ Nous, 

loe, 

us. 

Toi, 

thou, 

thee. 

Vous, 

ye ox you, 

you. 

Lui, 

he, 

him. 

Eux, 

they, 

them. 

Elle, 

she. 

her. 

Elies, 

they(f.), 

them (f) 


The above can be made reflective by adding mime, self, to 
f}he singular, and mimes to the plural; as toi-mime, thyself, 
vous-mimes, yourselves. This can also be expressed by soi, 
himself, herself, itself, one’s self. 

These pronouns always follow a verb when they are its ob- 
ject, and care must be taken not to confuse some of them with 
the conjunctive, as they are the same in form. They are often 
used to emphasize the latter, as Moi je dis, I say; and they 
are always used in answering a question; as Qui parle^ Moi. 
Who speaks! 1. 

This form of the pronoun is employed in expressing mine, 
thine, &c., when accompanying the verb itre; as C^est d moi, 
Itis.'mine. ■; 

II. Demonstrative pronouns are used to point out clearly 
the person or thing referred to, and agree with their nouns 
in gender and number. 

demoin'Spbative pronouns. 

Singular. Plural. 

Mas. Fern. Mas. Fern. 

■ Gb,. ' , ,, — . , .. it. 

Celm, celle, ceux, celles, this, that, these, those, 

Celm-ci celle-ci^ I celles-ci, this (here), these. 

or ceci, or ceci,) 

Celui-lk celle-lh > celles-IK that (there), those, 

or eela, or cela, ^ 


III. Possessive pronouns express the idea of ownership; 
they are formed from the possessive adjectives. 


Mas, Sing. 

POSSESSIVE PBONOUNS. 
Fe7n. Sing. 


Le mien, 

la mienne, 

mim. 

Le tien, 

k tienne, 

thine. 

Le sien, 

la sienne. 

his, hers^ 

Le notre, 

la aotre, 

ours. 

Le votre, 

la vStre, 

yours. 

Le leur, 

la leur. 

theirs. 


The plural is formed by adding s to each of the above forms. 

The articles which precede these pronouns combine with the 
prepositions de, of or from, and d, to, and become dt^, de la, 
des, and au, d la, aux; as d% mien or dx la mienne, of mine; 
au tien or d la tienne,oi thine; des vdtres, of yours; avis 
Imrs, to theirs. 

These pronouns agree in number and gender not (as in 
English) with the possessor, but with the tiling possessed. 
They are used instead of nouns : — but when my, thy, Ms, &c., 
occur before a noun they are translated by the possessive 
adjectives mon, ton, son, &c, 

M.B, plume est grande mats la sienne plus grande, My 
pen is large but his (or hers) is larger. 

Note that nitre, ours, and le vdtre, yours, take a cir- 
cumflex over the o, to distinguish them from the possessive 
adjectives, 

IV. Indefinite pronouns refer to nouns in a vague and 
general way. A number of them are simply forms ot the 
indefinite adjectives (to which refer), and they vary to indi- 
cate number and gender. 

The variable ones are — 

Aucun, any ; with xie, none. Quelconque, whatever, 

Chactm each or every one. Quelque . , que, whatever. 

Nul (ne), no one. Rien, nothing. 

Quelqu’nn, some one. ' Tel, such a one. 

The invariable ones are— 

Autres, others. Personne (ne), nobody. 

Autrui, other people. Plnsieurs, several. 

On, 07ie, people, they, fc. Qniconqne, whoever. 

Tout, everything, all. 

There are also a number of sentences which translate Eng- 
lish pronouns; as— 

L’un I’antre, om another. Qmquecesoit,M?iioe^?e7•(^^?7^ay6e) 

L’un et rantxe, both. Quoi que ee soit, whatever (it may 

Ii’un on I’antre, eiiAe?'. be), 

Ni Tnn ni Fantre, mf/ier. Tout le monde, everybody. 

Tout ce qm (or qne), whatever. 

Like the negative adjectives, the negative pronouns aucun, 
nul, personne, rien, meaning no, none, nothing, &c,, require 
the verb to be preceded by ne; as Personne ne viendra, No 
one will come; Rien ne sufiira, Nothing will suffice. 

Quelque, whatever, before a verb separates into quel que, 
and qziel varies according to the gender and number of the 
noun it refers to; as Quelle que soit sa heaute, Vv hatever may 
be her beauty. 

V. Relative pronoum refer to previously-named nouns, and 
show that these nouns are related to part of the sentence- 
wMch follows; they therefore connect, this part of the sen- 
tence with the preceding noun, which is called the antecedent. 

There is only one relative pronoun which varies to indicate 
gender and number, viz. : — 


Mas. 

Singular, 

Fern. 


Lequel, 

Duquel, 

Auquel, 

laquelle, who, which, what. 

de laquelle, of ox from whom, which, what 

k laquelle, to whom, which, what. 


Plural. 


Mas. 

Fern. 


Lesquels, 

Desquels, 

Auxquels, 

iesquelles, 

desquelles, 

auxquelles. 

who, which, what, 
of whom, which, what, 
to whom, which, what. 



^TATUBAL PHILOSOPHY. 


TMs form is cMefly used when the speaker wishes to express 
himself very clearly; it is also used to translate the relative 
pronoun when it is preceded by a preposition and refers to a 
thing; as La maiso% de laquelle je suis le propri^taire^ The 
house of which I am the proprietor. 

The invariable pronouns are — 

Qni, who, which, what. | Dont, whose, of whom, oj which. 

Qaoi, which. 1 Que, tvhom, which, that. 

The same form of these is used for either gender and for 
both numbers. 

Qwi is used as the subject of a verb, and refers both to 
persons and things, but after a preposition it refers to per- 
sons only; as Hhomme qwi tit, The man who laughs; La 
femme qui pade, The woman who speaks; Le chapeau qui e$t 
Id, The hat wMch is there; Les kommes d qui mis parlez, 
The men to whom yon speak. 

Qmi is used (instead of qui) after a preposition when re- 
ferring to things; as La chose d quoi (or d laquelle) ‘vous 
pensez, The tiling of which you think. 

Dont has the same meaiiing as, and may be used instead 
of, de quij of whom, de quoi, of which, and diiqiiel or de la- 
quelle, whose or of which. 

Que is the obmctive case of qui and qtioi, and the final e is 
cut off before a vowel; as La femme que vous voyez, The 
woman whom you see; D enfant qiiil aime. The cliild which 
he loves. 

YI. Interrogative pronoum are practically relative pro- 
nouns used in asldiig a question. Ail the relative pronouns 
are used in this way except do7it, ’whose or of which. 

In using the various forms of lequel the first syllable is 
often omitted, and the word becomes quel, quelle, quels, quelles, 
but this only happens wdien it immediately precedes a noun; 
as Quelle femrnel Which woman? And in this case it might 
be called an interrogative adjective. 

Qui refers to persons only, and means both who and whom. 
It is often followed by the phrase est-ce qui; as Qui est-ce 
qui parted literally, Who is it who is speaking? Qui voyez'- 
vous'/ Whom do you see? 

Que and quoi only refer to inanimate objects, and qiioi is 
always used with a preposition or quite alone; as Que portez- 
vous/ What are you carrying? De quoi parlez-vous / Of what 
are you speaking? Quoi/ Wliat? There is one case in which 
que may refer to a person, i.e. when it forms part of the ex- 
pression qui est-ce que as the object of a verb; e.g. Qui est-ce 
que vous voyez/ Whom do you see? 

Before the verb etre, to be, whose (as a relative or interroga- 
tive) is translated by d qui; as d qui est cela/ Whose is that? 


NATUBAL PHILOSOPHY.—CHAPTEB VIL 

THE MEOHANIOAL POWBliS: THE INOUIXEU PLANE, WEDGE, 
AND SCREW. 

The inclined plane is a plane inclined to the horizon, or 
making an angle with it. It is considered one of the simple 
mechanical powers; and the double inclined plane xoakes the 
wedge. The inclined plane is employed to advantage in 
raising heavy bodies in certain positions, diminishing their 
weights by their being placed on the inclined plane. Ife 
fundamental law of action is that of the composition and re- 
solution of forces, and may be expressed as follows: 

f wer gained by the inclined plane is in proportion as the 
igth of the plane is to its height. That is, when a weight, 
w (fig. 1, Plate IT.), is sustained by an inclined plane ao, 
by a power p acting in a direction parallel to the plane, then 
the weight w is to the power p in the same proportion as 
the length of the plane ao is to its height bo; that is, 
w : p : : 0 A : 0 B. For example, let the line u o represent the 
force which the weight w of the mass k l exerts, acting verti- 
cally downwards; this force may be decomposed into two 
others: one, mn, acting at right angles against the plane, 
and representing the pressure which the weight exerts against 
the plane, and which is counterbalanced by the reaction of 
the plane; the other, er, represents the component which 
tends to move the weight down the plane, and this compo- 
nent has to be held in equilibrium by the weight p, equal 


to it, and acting in the opposite direction. As . the tri- 
angle E M R is similar to the triangle o a b, and the sides n a 
and EM are in the same proportion as cb and ca, there- 
fore, as the line E r represents the power, and the line e m 

the weight, o b : o a : : p : w; and since the ratio is the sine 

0 A 

of the angle o a b, represented by .t;, p = w sin The most 
advantageous way of employing a power to sustain a weight 
on an inclined plane, is wiiea the power acts in a direction 
parallel to tlie surface of that plane. Again, from the 
similarity of the triangles e m k and o a b, m e :m e : : ao : ab, 
showing tlmt the weight of k l Is to its perpendicular pres- 
sure upon the inclined plane in the proportion of the length 
of the plane to its base. In general, therefore, the sides of 
the triangle formed by an inelined plane, its base, and its 
height, are respectively proportional to a weight at rest upon 
it, the pressure of that v/eight upon the plane, and tlie |Aiwer 
necessary, when acting parallel to it, to maintain the weiglit 
at rest. By similar reasoning, the power necessary to kee]) 
the weight at rest on an inclined plane may be ascertained 
when the power acts in a direction parallel to the base. 

Let the force p (fig. 1, below) act on the body in the direc- 
tion w G, parallel to base a o. Draw w e perpendicular to a a, 
representing the weight in magnitude and direction ; and w f 
perpendiciilar to a b, meeting a o in e. Therefore, in the 
triangle w b p, w e is equivalent to w e and e f, of which 
WF shows the pressure on the plane ab, and ef the power 
in the direction wg, sufficient to retain the body at rest. 
How, the triangle wef is similar to the triangle a bo, so that 
w B : E F : : A 0 : B 0, that is, the weight is to the power as tbe 
base to the height of the plane. When the power p acts parallel 
to the plane, the weight is to the power as the length to the 
height of the plane. Therefore, a given power will support a 
greater weight in the latter case, inasmuch as the length of 


Fig. 1. D ' Pig. % 



the plane is greater than the base. Again, we : wf : : ao :ab, 
or, the weight w is to its pressure on the plane a b as the 
base is to the length of the plane, so that the pressure on the 
plane is greater tlian the weight of w itself, whereas, in the 
former case, it is less. Again, if the power be applied in any 
direction above that of the plane, the pressure of the weight 
on the plane is less tlian the weight itself, but the power re- 
quired to balance the weight is also greater than is rec pared 
when it acts in a direction paraUei to the plane, as it tends to 
raise the weight off It. Let the weight w (fig. 2) be at rest on 
the plane ab by the force p acting on w in the direction w d, 
at an angle with a b, receding from it towards d. Draw w s 
perpendicular to a o, representing the weight of w ; draw w f 
perpendicular to a b, and e f paraUei to w d, then is w b 
equivalent to wf and fe; these respectively represent the 
pressure of the weight on the plane, and the force acting on 
tbe cord w d, wMch is counteracted by the power p. If the 
power had been applied in the direction w d-, parallel to ab, 
then E F*^ would be drawn parallel to a b, or perpendicular to 
wf; therefore, wf^ would have been the pressure on the 
plane, and e the power required. As w f is less than wf^ 
the pressure on the plane is less in the first case than in the 
second, because ef is greater than ef®. Therefore, the 
power required to keep w at rest, when acting in a direction 
rising above the plane, is greater than that required when w 
acts in a direction parallel to the plane. 

Thus, in a series of inclined planes having the same alti- 
tude, the longer they are the less power is necessary to balance 
a given weight laid upon them. Let a b and a o (fig. 2, 
Plate lY.) be two planes of the same height a d, joined at that 
line; and let the two weights, m and m.\ upon these planes 
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respectively balance one another over the pulley e; the force 
exerted by each of them upon the cord to maintain this 
equilibrium will therefore be the same. But as the power is 
to M in the proportion of a n to a b, and to m' as a n to a o, 
the weights u m' are in the proportion of the lengths of the 
planes on which they lie, or m : m': : a b : a o; so that if a b 
be 12 inches, and a c 6 inches, and if m be 10 Ihs., then m' 
will be 5 lbs. This property of the compound inclined plane 
was first demonstrated by Simon Stevin, a Flemish mathe- 
matician of Bruges. His simple method of proof was by 
supposing a uniform endless chain hung over the double plane, 
and hanging in a curve below the points b o. The chain in 
this position is at rest. If the part below the points e o be 
removed, the remaining parts lying along a b and a o will 
continue at rest, since the hanging part acted with equal 
force on the points b o; and therefore, if these two equal and 
opposite forces were removed from the parts ab, ao, the 
equilibrium of these portions of chain remains unaffected. 
Therefore, the weights of these parts must be in proportion 
to the lengths of the planes a b, a o, and substituting single 
weights for the chains they still balance one another, being 
in the proportion of the length of the planes on which they 
rest. In the examples given no allowance has been made for 
the friction of the surfaces in contact. For cylindrical bodies 
the friction is small as they roll on the plane. But for flat 
bodies wliich rub it is considerable; and, that the power may 
be applied to the best advantage, its direction should not be 
parallel to the plane, but should form a certain angle with it, 
so as to partly relieve the friction. 

The inclined plane is distinct from the lever in its mode of 
operation, as there is no actual motion round a centre, yet in 
another and equally important sense it is identifiable with the 
lever. Let w (fig. 3, below) be a circular body, resting on the 
plane a b, of which a o is the height. 
Draw WE in the direction of the 
force applied parallel to ab, and we 
perpendicular to c b, representing 
the weight w; draw w p perpendi- 
cular to A b, and p q perpendicular 
to w E. ISTow, the perpendicular w p 
will always meet the plane a b at 
p, the point of contact with the 
cylinder. And again, the whole 
weight of the body may be con- 
sidered to be gathered into the 
centre w, and to act in the vertical line w e. As it is imma- 
terial at what point in w e the force acts, let it be supposed 
to act at a. Then po becomes in effect one arm of a bent 
lever, p being the fulcrum, and the force at o the weight or 
resistance; p w is the other arm, at the extremity, w, of which 
the power p acts. Therefore, w e represents the weight, and 
is equivalent to w p and p e, of which p e, parallel to w p, re- 
presents the power p. The triangles w e p and w p a are 
similar to each other, so that w e : e p : : w p : p a, or 
WEXPG==EPXWF. But WEXPG is the moment of the 
force w E in reference to the point p, and e p x w p is the 
moment of the force e p, acting along w p, in reference to the 
same point p; and, therefore, w p a is virtually a bent lever, 
of which p is the fulcrum, so that the conditions of equili- 
brium on an inclined plane may be established on the principle 
of the lever. If p w be produced to x, and the force act at 



X parallel to a. b, it will have its moment doubled, since p x is 
double p w, and to balance the same weight only one-half the 
power becomes necessary. This explains the advantage of 
the method often employed for raising hogsheads a few feet high 
into warehouses. Two planks (fig. 4) are laid at the required 


Fig.S. 



inclination upon the steps, and two ropes are passed under 
the hogshead, and returned over it into the warehouse. 
Manual power is applied at the ropes, by which the hogshead 
is raised to the floor of the store. In this way two men are 
able to raise the weight, while four men must be employed to 
raise it by simply pushing from behind. The wheels of a cart 
when stuck in the mud present a similar example. Fig. 5 
represents a wheel imbedded to a depth b, and supposed to 
be moving towards a; then e being the lowest point, and p 
where it meets the surface, the space e p is an inclined plane 

Fig. 6, 
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to be ascended before the wheel is drawn out from the mud. 
The power of the horse being communicated tlirough the 
shafts, acts on the centre w of the wheel. But when manual 
power is employed, the most advantageous point at which to 
apply their power is at or near p. When applied at or near 
o, as is frequently done, much power is wasted in simply 
raising the load without a corresponding advance. The 
inclined plane is employed for raising great weights through 
small heights. Flights of steps are up-hill work made easy. 
A horse drawing a load in a serpentine course when ascending 
a steep road is another illustration; the road being in effect 
divided into a series of inclined planes of less inclination than 
the road itself. 

WEDGE, 


Fig. 6. 


The wedge is generally in the form, of a three-sided prism 
of iron or steel, one of whose angles is very acute, and it is 
employed for a great variety of purposes in overcoming the 
force which holds the two parts of a body together, or in the 
raising of weights or obstacles. Let abo be a smooth 
isosceles wedge (fig. 6). The side ab is the lack; the vertex 
of. the angle a o b, which the two faces a o and b o make with 
each other, is the edge; and the faces a o and b o the sides of 
the wedge. The power p is generally applied at right angles to 
the back. In the figure the wedge a c b is represented in the 
act of cleaving a block of wood, ok h, the cohesion between 
the fibres of which constitutes the 
resistance to be overcome. The 
wedge A 0 B is at rest under three 
forces — namely, the pressure at p, 
and the reaction upon the two sur- 
faces OA and OB; since the forces 
balance, they must meet in one 
point N, and since the wedge is isos- 
celes, the reaction on the vsides must 
be equal. The cohesion to be over- 
come is represented by e x and p x, 
which are at right angles to the two 
faces of the wedge; by completing 
the parallelogram exp, the dia- 
gonal 0 X will represent the result- 
ant of the forces tending to drive 
the wedge out, and the force which 
must be applied to keep the wedge 
in equilibrium must therefore be equal 
to 0 X ; but as x e o is similar to 
the triangle a o b, therefore ab:ao::ox:xb, and as these 
lines are equivalent to the pressure applied at the back of the 
wedge and the pressure on the face a o, therefore if p represents 
the former and q the latter, equilibrium will be established 
when p : : : A B : A 0, that is, when the power is to the resist- 

ance in the same ratio as the back of the wedge bears to one 
of the sides. The applications of the wedge are very numerous : 
nails, awls, needles, scissors, axes, saws, &c., aU act upon the 
principle of the wedge. The saw is composed of a series of 
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wedges, and the finest euttiog instrument may be regarded 
as a saw of wliicli the teeth are very minute. For instance, 
the lancet may be pressed against the skin without pene- 
trating, but the. instant it is drawn along it cuts into the 
fiesli. The carpenter’s plane, again, 
removes the shaving from the sur- 
face of the plank by a wedging action. 
As illustrative of the unlimited power 
of the wedge, siiips lying in dock are 
easily lifted up % means of wedges 
driven under their keels. The power 
of the wedge is frequently employed 
for binding together separate parts 
of machinery, as in tlie familiar 
example of the butt and strap. Fig. 
7, a is the butt end of a connecting 
rod, hh the strap embracing the 
bush a and binding it to the butt, 
d d the cutter in the form of a wedge 
of very small taper, which passes 
through slot holes in the butt and 
strap; it is driven fast into its place and binds the whole 
together; the piece e, termed the gib, secures the ends of 
the strap and prevents them from spreading. 

THE SCREW. 

The screw, one of the six mechanical powers, is cMetiy 
employed in pressing or squeezing bodies into compact 
masses; it is also frequently made use of in raising heavy 
weights. It multiplies the extent of the action of the in- 
clined plane by presenting in effect a continued series of 
planes. The screw (fig. 3, Plate IV.) is a spiral thread or 
groove cut round a cylinder, and everywhere making the 
same angle with the length of the cylinder; so that if the 
surface of the cylinder, with this spiral thread wrapped 
continuously round it, were unfolded and stretched outlnto 
a plane, the spiral threads would form a succession of straight 
parallel lines (fig, 4), whose length would be to their height 
as the circumference of the cylinder is to the sum of the 
distances between all the successive tlmeads of the screw; 
this is evident, as in making one revolution round the cylinder 
the spiral rises along the cylinder the distance between the 
two contiguous threads. Thus the distance between the 
threads f f' f" (fig. 3) is the distance between the parallel 
lines on the plane (fig. 4), and the rise ff' is the dis- 
tance c h. The pitch of the screw is the space tlnnugh 
which the spiral thread rises in one revolution round the 
cylinder; the triangle dhc (fig. 4) is the space it rises, 
the line he being equal to the distance between any two 
threads, and the line d h is the pitch. 

Screws are frequently constructed with threads of wMch 
the cross section is triangular (fig. 3, Plate lY.); others, 
again, have the screw thread as a projecting rim of a certain 
definite form, running round the cylinder (fig. 5); this form 
of screw thread h chiefly used m machinery. The screw 
thread commonly works in a nut (shown in figs. 3, 5), or 
against the teeth of a wheel. A screw nut is an exact 
counterpart of the screw, having a recessed part into which 
the projecting rim accurately fits. For the purpose of com- 
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municating motion to any piece of machinery, the external 
screw is made long enough to give the required traverse, 
as A B (fig. 6, Plate lY.), while the internal screw or nut is 
usually short, as at e, embracing some three ox more threads 
of the external screw. In their application to machinery. 


either of them is made stationary in reference to the otlicr, 
the latter being the one that receives the motiovi. Trius, 
in the coin,mori screw press (tig. 6) the nut .a works on the 
sole of the press, anti the screw bears upon it while rising; 
while in fig. 7, the screw ab is fixed to the upper hoard, 
and the nut b revolves it. Again, in the clamp a ■ woodcut, 
fig. 8) the internal screw is fixed, and the externa! nne 
movable; while, on the other liaiid, at b, which represents a 
micrometer screw, it will be observed tliat while tlie screw is 
confined by a collar at the neck, tlie nut siid(\s along it 
between wo cheeks. 

The action of the screw will be midersiood Icf reterence to 
fig. 9; ABC, i>EF are two inclined planes, or half- wedges, 
placed so that the planes, ac, i>f, may be in (‘outiud, and 
tlie bases, e o and e f, parallel to eacli otlier. Let w’ represent 
a weight placed on tlie surface e r, aiui coi!iiiu?u by pins 
moving in slotted upright guides, so that it can only move in 
a vertical direction. If a sufficient force, i\ is applied to the 
hack of the plane, ei>, this plane will slide forward on tlir 
inclined surface a c, and the weight W' wfil he cdevatcd. This 
elevation cannot, ho'wever, exceed tlie height e n, wdiich is 
the depth of the plane, or tlie distance between the threads 
of a screw, in wliich the pitch is represented by the line c a. 
Therefore, the screw being an inclined plane, or Iialf-v^eilge, 
whose height is the distance bettveen two tiireads, and its 
base the circumference of the screw; and the force in the 
horizontal direction being to tiiat in tlie vertiail one as the 
height of the plane, ox distance of the two tiireads, is to 
the base of the plane or circmaference of tlie screiv; the 
power is to the pressure as the distance of two threads is to 
that circumference. By the use of a handle, or lever, the 
gain in power is increased in the proportion of the i-adius of 
the screw to the radius of the power; therefore the power p 
is to the pressure w (fig. 10) as the distance of the threads 
AB 'is to the circumference described by the pmver; that is, 
P X w==p X Z, in which p is the pitch, and I the circumference 
described by the power. 

It is therefore easy to Figio. 

compute the force of any 
machine moved by a 
screw, whose threads, say, 
are each a quarter of an 
inch asunder, or a pitch 
equal to one quarter of 
an inch. Let the screw 
A B (fig. 6, Plate lY.) be 
turned by a lever e c, 4 
feet long from e the 
centre of the screw to o; 
then if the natural force 
of a man, by which he 
can lift, pull, or draw, be 150 lbs., and it be required to 
determine with what force the screw ab will press upon the 
upper board when the man turns the lever c e with his whole 
force, the diameter of the power being 4 feet, or 48 inches, 
its circumference 48x3*1416, or about 150-^ inches, and 
the pitcii of the threads being ^ inch; therefore the power is 
to the pressure as 1 to 603u,* but the po'wer is equal to 
150 lbs., therefore 1 : 603:| : 150 : 90480; and conse- 

quently the pressure upon the upper board is equal to a 
weight of 90480 lbs., independent of the friction of the 
screw, which is sometimes very great. 

The power in the screw' is increased as the pitch or iiiciina- 
tion of the plane forming its thread is diminished, and as its 
radius is less in comparison to the length of the lever at the 
extremity of wMch the power is applied. It is, however, 
often practically inconvenient to increase the lengtii of the 
lever employed; and if the threads of the screw' be cut too 
fine, they become too weak to support the pressure. A com- 
pound arrangement of the screw is therefore employed, by 
I which power is gained. Tiiis is shown at fig. 7, Plate lY. : 
a screw, n o, is cut upon the outside of a cylinder, and a 
corresponding internal screw is cut in the nut a b. The 
cylinder upon which the external screw, n o, is cut is also 
hollow, with a tliread cut in it corresponding to the thread 
upon the second cylinder, e n. The screw n o revolves in the 
nut A B, while the cylinder, e, is kept from revolving by its 








HATURAL PHILOSOPHY. 


311 


square slioiiMers, but. it has a vertical' movement through 
the sole plate, f g, of the fixed frame, f g a b; the .'power is 
applied at k by means of the lever, kgl. If the screws 
upon the .two cylinders are of the same pitch, and the .screw . 
A B turned by the lever k o, theii' the screw e would descend 
just as much as the screw o n would, rise, and the ..head of e, 
.wl}„icb, exerts the pressure, woiikl remain stationary. But if the 
pitch of the threads upon e be less than the pitch of .the screw 
DC, then in each revolution of the lever k o, the cylinder e will 
either be , raised or depressed through a space equal to the 
difference of, the pitches of the twO' screws; and there is 
equilibrium when the power is to the weight as the difference 
o,f the pitches of the threads is to the circumference described' 
by the power. 

Other applications of the screw are made in machinery in 
the instance of the wmrm wheel, and worm or endless screw 
(see fig. 21, Plate III.), in which the screw by revolving com- 
munieates a greatly reduced motion to the wheel. The three 
essentia! characters belonging to a screw-thread are its pitch, 
depAh, MiHform-, and the three principal conditions required 
in a screw w^lien completed areyjowdr, strength, and d'nrahilitij . 
A square-threaded screw is the most powerful form. The 
durability of a screw-thread depends chiefly on its depth, or 
on the amount of bearing surface subjected to wear and the 
resistance of pressure. By the application of the screw in 
the form of a worm to a toothed wheel, Sir J. Whitworth has 
been able to divide the inch into 1,000,000 parts, each iwt 
being represented by a linear space of -04 inch upon the rim 
of a graduated wheel. The introduction of a uniform system 
of angular screw-threads, now universally adopted, and called 
the Whitioorth thread, is due to the same gentleman. 


OHAPTBE VIIL 

COLLISION OF BODIES — ELASTiClTV — FBICTION — PRINCIPLES 
OF -WORK — ENERGY. 

The effects arising from the impact of a moving body on one 
which is either at rest or in motion, is termed the collision or 
percussion of bodies, and when the force acts for only a 
moment of time, and yet sensibly changes its velocity, it is an 
instantaneous or impulsive force. Tiie effects of collision 
will depend upon the directions of the motions, with respect 
to a line joining the centre of gravity of the two bodies. All 
bodies in nature have certain degrees of softness or hardness: 
m the one case the particles yield to the force of impact, in 
the other they resist the effort to change their relative posi- 
tions, and they have certain degrees of elasticity by which 
their particles, after being displaced, tend to recover their 
original position. This force of elasticity is very different in 
different bodies. Spheres of glass are those in which the 
force of restitution after impact approaches nearest to the 
force of compression, and in such spheres the ratio between 
the forces is as 15 to 16; in spheres of ivory the ratio is as 
8 to 9, and in spheres of steel as 5 to 9. The absolute 
momentum, or quantity of motion in a body, is represented 
by the product of its mass and the velocity with which it is 
moving; but the effects of the collision of two bodies depend 
upon the law of the equality of action and reaction, or the 
relative velocities with which they approach or move from 
each other, so that whatever force the first body exerts upon 
the second, the second will exert an equal force upon the first 
in the opposite direction; this is the sum of the absolute 
velocities when the bodies, in approaching each other, move 
in opposite directions, and the difference when they move in the 
same direction. Let a and a' (fig. 1, Plate V.), be two bodies 
moving with velocities v and ir respectively in the same plane, 
in the direction of the line d b, passing through their centres 
of gravity o o', and let their mutual action take place in that 
line, and let the motion of the one cause it to overtake the 
other, what will be their respective velocities at the instant 
after impact ? If the bodies are quite inelastic when a touches 
h! (fig. 2, Plate Y.) it will continue to press against a^ until their 
velocities are equalized, when the mutual action ceases. . For 
whatever deformation the bodies may have undergone, by 
reason of their inelasticity, they have no tendency to recover 
their original form. 


Let X represent their common velocity after impact, then 
is their joint momentum at the end of the impact ; 
but as their momentum before impact was a v-{- a^u, therefore 
(A-i-A').'?7=A v-f-A^tj, an equation which determines the value 
of X, If the bodies ShiQ perfectly elastic, they recover their 
shape after impact, with a force exactly equal to that with 
which they were compressed, so that the momentum lost by 
the one and gained by the other is exactly double of that lost 
while compression took place, up to the instant at which their 
velocities were equalized. These are respectively a v -a^ 
and A'.^7-A'Tr; therefore, if v and u are the required final 
velocities, 

' Aiy=AV — 2 (av~ A^;) or 'y== - v-i-2ii7, ' 

a'ij ~ a'u - h 2 (a^^ - A u) or u == 2a’ - n. 

Therefore (a - h a')?; = 2a'u -P (a - aOt, 
and (A + a')^ = 2a V ~ (a ” A^n. 

The following deduction may be arrived at from these equa- 
tions. Let the ball a moving with a velocity v, strike directly 
an equal ball a' at rest, then a=a' and u=0, consequently 
V— 0 and u=v; that is, the former ball a is brought to rest, 
and the latter a! moves on with a velocity v. If now a! 
strikes a third equal ball a" at rest, a' will in turn be brought 
to rest, and a" will acquire the velocity of v, and the same 
transference of velocity will take place if there is a fourth, or 
fifth, or any number of bails. This same result may be 
shown with glass or ivory balls, and illustrates in a very re- 
markable manner the mode of propagation of sound waves 
through the air. When tw^o spheres strike each other in the 
direction of a line joining their centres of gravity, and there 
is no friction on the plane of their motion, a translation of 
the force of impact simply takes place without any rotatory 
motion. But if friction take pla<ie between the balls and 
the plane, then the former acquire a rolling motion on the 
latter; and to this circmnstance is owing many of the pheno- 
mena observed in the game of billiards. Let the ball b (fig. 3, 
Plate V.) be impelled directly towards an immovable obstacle, 
such as the upright cushion at the edge of the table. Upon 
striking this cushion the ball will, generally speaking, recoil. 
Some substances will hardly give any recoil, while others 
will send back the ball with nearly the same velocity as that 
of its approach. At the moment of impact, the ball and tlie 
cushion compress one another, and the pressure continues 
until the reaction has destroyed all the velocity of the bail. 
If, then, there were no effort in the particles of the cushion, 
nor in those of the ball, to recover their former position, tlie 
ball would remain at rest close to the cushion. If the recoil 
were complete — that is, if the parts of both bodies endeavoured 
to recover their position with a force equal to that wliich 
disturbed them — the recoil would rapidly hut gradually create 
in the ball a velocity equal to that with which it approached. 
In the first case the bodies are said to he entirely without 
elasticity, and in the second the elasticity of the bodies is said 
to be perfect. But if only a fr ction, e, of the velocity of 
approach be restored, then e is the measure of the elasticity 
of the bodies. Perfect elasticity is usually represented by 
unity. Now, suppose the ball b to approach towards the 
cushion l m, say in the direction d a. The line n o represents 
the line passing through the centre of gravity of the bail, and 
is drawn parallel to the line l m at a distance of half the 
diameter of the ball. Let ba be the velocity or length 
moved over in one second; then, the velocity ba is equi- 
valent to the two velocities e a and b e. The first is destroyed 
and then partially restored by the imjiact; the second remains 
unaltered, except by the friction on the plane of the table at 
the moment of impact, which at present will not be considered. 
If, then, E D is taken equal to b e, e a will represent the per- 
pendicular to L M, and its length such a fraction of e a as « is 
to 1 ; but as in the present case friction is not considered, it 
will be equal in length, the ball a will move, after impact, 
with the velocities e b and e d, that is, with the velocity a d 
in the direction ad. If the system were perfectly inelastic, 
the ball a would proceed along lm; if perfectly elastic, ea 
represents the perpendicular in both cases, and a d and a b 
are equally inclined to l m. 

On the same principle may the motions resulting from the 
oblique impact of two elastic balls be determined. Therefore. 
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in two perfectly elastic bails of equal magnitude, the velocity | 
of each after impact is that wliich the other had before the 
impact both in magnitude and direction, and the angle of 
incidence is equal to the angle of reflexion. In ail cases , 
}>erfectly elastic balls recede "from each other after impact | 
with the same velocity with which they axiproached before ■ 
hnpact, since M v-u==a.~h^m which a and I repre- ^ 
sent the velocities oi the two balls a and b. But in every ‘ 
other case the rate of recess after impact is the same propor- i 
tion of the rate of ax)proach before impact which « is of 1, j 
111 all cases of impact, when the balls approach one another i 
with uniform velocities, the common centre of gravity of the | 
two balls moves uniformly and in a straight line. After ’ 
impact, though the directions and velocity of the balls may ' 
have changed, their centre of gravity still continues to ! 
describe the same line, and with the same velocity as ; 
before. 

If two bodies impelled forward with unequal velocities strike 
one another obliquely, then the direction of tlieir motion after 
impact is determined by the following formula. Let the two 
bodies (fig. 4, Plate V.), b and r>, move forward in the oblio^iie 
directions b a, n a, and strike each other at a with velocities 
which are in proportion to the lines b a and j> a; the direction 
of their motion after impact at a mil be determined as 
follows: — Let l b m represent the plane in winch the bodies 
touch in the point of impiact, and draw the lines e n and e'x' 
parallel to tins plane, through the centre of gravity or half 
diameter of each body respectively. Draw the perpendiculars 
B E and D s', and complete the rectangles e e, e' f'. The 
motion in b a is therefore resolved into be, ea; and the 
motion in da is resolved into de', e' a, of which be, be', 
will represent the velocities with wMch they meet, and 
B A, e' a, the distances they have travelled ; and there- 
fore the velocities with which the bodies meet are as b e 
and be', or their equals, fa and p'a. The motions of 
the bodies b and b directly stiiking each other with the 
velocities f a and f' a are readily determined, according as 
the bodies are elastic or non-elastic; therefore, let ap repre- 
sent the ascertained velocity of one of them, b; and since 
there remains also in the body b a force of motion in the 
direction parallel to b f, with a velocity as b f, make a k 
equal toBF, and complete the rectanglepx; then the two 
motions in ax and a p are resolved into the diagonal a q, which 
will represent the direction and velocity of tlie body b after im- 
pact at A. In the same maimer the direction of the motion 
of the body b after impact at a, is determined, as rexwe- 
sented by the diagonal a q'. 

FBICTION. 

In considering so far the action of bodies in motion, either 
working on an axle, or where the parts are in contact with 
one another, the resistance offered to motion by friction has 
not been taken into account when two surfaces are moved 
upon one another. Whatever be the origin of friction, its 
effect is always that of neutralizing the action of mechanical 
force by transforming it into molecular motion. In some 
cases the resistance of friction becomes of great usefulness, 
and at other times it forms an element of considerable 
waste. Were it not for the resistance of friction a nail or 
a screw would have no holding power, and cease to be of 
value; and without friction a railway train could not be set 
in motion; but in machinery, where the several parts are 
either revolving or rolling, and rubbing surfaces come into 
play, then friction becomes a direct loss of power. The 
surfaces of bodies in contact are never perfectly smooth, 
that is, true planes; and even the smoothest surfaces, though 
apparently so both to the touch and sight, present inequalities, 
so that when one surface moves over another the elevations 
of the one fall into the depressions of the other, and thus 
offer a certain resistance to motion which continually acts as 
an opposing force to actual or possible motion. It can check 
or destroy, but it cannot generate motion, and the tendency 
of friction is always to promote repose and insure stability. 

■ ' Friction is of two kinds: slidmg^ as when one surface 
moves over another; and rollmg friction, as when one b^y 
rolls over another. Rolling friction being considerably less 
than sliding friction, a great saving of power is effected when 


the latter is converted into the former. Examples oi tlui 
occur in tlie appliciitioii of casters to articles oi furniture 
and the roller skate, the sliding friction over the door heing 
changed into a rolling friction. On the other hard, 
tage is often goined by converting a rolling into a 
friction. This is foreii)Iy ilinstratecl in the aeiion ih the 
railway break on the tyre of tlie wlicvl in a railway cair-uge, 
by wiiich the motion of the carriage is speetniy 
The friction on the gTouml eiiables a man and a. lair-.** to 
move, and witlioiit friction it wmiM be ilinlciiit even to hokl 
anything in the hands: the resistance of friction again is 
utilized as a means for the transmi.vdon of power from one 
wheel to another by the employment of hands, .strain-, or 
ropes. 

The laws reiating to friction ave generaUy 
follows: — 

1. THm friction hetmen tmj sifrfu'f'r rf thr thni h 
in direct proportion to the -prerti^hy bei.mren them, Thfix if 

a block of any snlistance be double the v/eiglit of nmechov, 
and both, having equal surfaces of contact, are placed; on ttim 
plane of a uniform nature, the force required to nna-e tiie 
first will be double that which is needed to move the .second. 

2. The amovnt of friction is independent of the eivtvnt of 
the surfaces in contact. Fo*' instance, if a block of GO li}x 
weight can only be moved by a force equal to, say, 25 Ib.> , it 
will require a force of 50 ibs. to move tn'o blocks, eaeli of the 
same weight, ])laced side by side; hut place the blocks one 
upon the top of the other, the 120 ibs. will still require an 
identical amount of force, 50 lbs., to move them. 

3. The friction is independent of the velocity ■men the 
body is in motion. The amount of friction betvreen two 
bodies will depend very much on the substances of which 
these bodies are composed. Thus, between oak and cast 
iron, it is about *38; for wrought iron on wrought iron, the 
amount is represented by *44; for brass acting upon cast 
iron, *22 — the surfaces being dry and horizontal in every 
ease. Tliis fraction, which is that xiroportion of the pressure 
between two surfaces required to overcome their friction, is 
called the coeificient of friction. The following table gives 
the comparative friction of different metals under an average 
weight or pres.'^ure of from 54*25 lbs. to 69*55 lla: — 

Average 
' Load ill Lbs. 


N.ame of Metals. 


Proportion of 
Load to Friction. 


69*55 

... 7*312 

54*25 

... 6*745 

69*55 

... 6*592 

54*25 

... 6*581 

69*55 

... 6*764 

69*55 

... 6*HU0 

69-55 

... 6*561 

54*25 

... 6*475 

60*55 

... 6*023 

69*55 

... 6*303 

60*55 

... 3*305 


Bras.s upon vTOUght iron, . . 

Brass upon east iron, . , . 

Brass upon .steel, .... 

Hard brass upon east iron, . 

Brass upon biass, .... 

Steel upon steel 

Wrought iron upon wrought ir 
Ga.st iron ux>on cast iron, . . 

Cast iron n|3on wrought iron. 

Cast iron upon steel, . . . 

Tin upon tin, 

It appears, therefore, from these data that the frit'lion 
between hard metals is less than that between soft, and 
that the friction of hard against hard may, as a geneiul 
rule, be computed at about one-sixth of tlie pre.^^sure, or *1T. 

To dimmish the resisting energy of friction grea.'-'e or 
unguents are commonly employed. Wlien gun-metal is loaded 
with weights varying from 1 to 2 cwts. the frictioii varies 
nearly in the proportion of 1*7 to 1*4 of the pres.sure, and 
is scarcely affected by time; with brass it increases, and 
diminishes when cast iron is tried; and the decrease is still 
greater when blacklead is interposed between the three 
different metals. If oil be emjiloyed for gun-metal or cast 
iron, with a weight of 2 cwts., the friction will amount to 
only of the pressure. Diminish the pressure and the 
friction is reduced to under similar con- 

ditions, showed less friction; this was also again diminished 
by the ax>plication of hog’s lard. The coefiicient of wrought 
iron upon dry oak is *49^. Use water and it is reduced to 
*26; dry soap, and it is diminished to *21. The general rule 
derived from experiment is tliat, with the unguents, hog’s 
lard and olive oil, interposed in a stratum between the sur- 
faces of wood on metal, wood on wood, metal on metal, when 
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in motion j, they aE give very nearly the same coefficient of 
friction — the value of that coefficient being included between 
*07 and, *08.. Tallow gives the same coefficient as oil, except 
when metals are brought to bear upon metals; it then rises 
to. *10. Vv itii a,ll substances, friction is .increased by 

and surface, and dimimsked by time and velocity, 
woods, metals, and stone the amount of friction is 
simply ill proportion to the pressure, and is unaffected by 
time, siiriace, or velocity. 

The annexed table, founded on Morin’s experiments, shows 
the cocdncient of frictio,ii of certain plane surfaces after they 
had been for a short time in contact: — 


Name of Condition of Disposition of Coefficient 

Surfaces. Surfacses. the Fibres. of . Friction, 


Oa,k upon oak, , . 

Dry. 

... Parallel. 

•60 

Oak upon oak. . . 

fit 

... Perpendicular. ... 

•64 

Oak ii|.K;)n oak, . . 

Wet. 

iC 

•7i 

Ellrii oak, . . 

Dry. 

... Parallel 

•69 

Ehn upon oak, . . 

£( 

... Perpendicular. ... 

*57 

Ash u].*on oak, . , 


... ParaUel. 

•50 

Fir upon oak, . . 

U 

... Perpendicular. ... 

•52 

Beech, upon oak, ' . 
Wrouglit iron upon 

« 

... Parallel. 

•53 

oak, .... 
Brass upon oak, 


u 

•62 


a 

•62 

Copper upon oak, . 
Hemp cord upon 

ii 

a 

•74 

oak, .... 
Oak upon -cast iron, 
Wrought iron upon 

tt 

it 

•64 

ee 

<£ 

•38 

wrought iron, . 

u 

a 

•44 

Bm.ssiipon cast iron. 

a 

a 

•22 

The meffixient of friction is denoted by the 

Q-reek 

letter so ' that, if 

R be the perpendicular pressure be- 

fcween two surfaces, and f the friction, then the ratio of f 

to E is a constant number, 

when the surfaces are 

of the 


same material and in the same condition; that is, S = ,c« and 


Th^ angle of repose h the angle at which any 
plane may be inclined to the horizon before a body placed 
on it will begin to slide down. The forces acting are the 
friction p, the weight w, acting vertically, and the reaction 
or perpendicular pressure between the two surfaces, b, the 
angle of inclination of the plane being a, then p=b tan a; 
but as then ^=tan a. 

Sir J. Anderson gives an illustration of friction in the case 
of a traction engine employed to drag a heavy load up an 
incliBe. On a level road, with the weight of engine 12 tons; 
net weight of train, 48 tons; coefficient of traction, 150 lbs. per 
ton; the tractive power of the engine is (12 + 48) 150, or 9000 
lbs. On an incline of 1 in 10, the tractive power of engine 
2240 

to balance gravity is --_=:224 lbs, per ton; coefficient of 
traction, 150 lbs. per ton; total tractive power required, 374 
Ibh. per ton; gross weight of train, = 24 tons; net 

weight of train (24 — 12) =12 tons. Therefore the tractive 
force on a level road being taken at 150 lbs. per ton, and it 
being assumed that the engine is capable of dragging a train 
of 4S tons along this road, the total tractive power of the 
engiiie is equal to 9000 lbs. When, however, the weight is 
resting on an incline the tractive force differs but slightly, 
because the pressure on the plane is only a little less than the 
actual weight. The total tractive force, however, is now in- 
creased by the additional force necessary to prevent the train 
running dowm the incEne of 1 in 10, wMch is 224 lbs. per ton, 
and the result is, that the engine is only able to draw 12 tons 
up the incline as against 48 tons along a level road, 

BESISTAISrOE OP PBIOTIOK. 

When a cylinder rolls on a horizontal plane the resistance 
of friction speedEy brings it to rest; the amount of resistance 
from rolling friction is much less tlian that due to sEding sur- 
faces, and it is from this circumstance that the value of fric- 
rion roller.®* and friction wheels results. Friction wheeh 


consist of two pairs' of. large but .'comparatively light wheels 
set close together in pairs and parallel, in such a manney 
that the circumference of one partially laps over that of the 
other, and in the angles thus formed by the upper circum- 
ference of the two pairs of wheels the chief axle is placed, so 
that the friction is removed from the axle to the axles of 4he 
tvheels, and reduced in the proportion of the diameter of the 
friction wheels to that of the chief axle. The tractive force 
necessary for pulling a train along a level line is affected by 
the friction of the axles, and the friction of the wheels them- 
selves against the rails; also by the resistance of the air, 
by the direction of the wind, and by the nature of the 
curves on which the wheels run. It is usually assumed 
that the force required to start a carriage, with grea.se 
axle-boxes, lies between 11 lbs. and 18 lbs. per ton. 
With oE axle-boxes the tractive force necessary is from 
12 lbs. to 22 lbs. per ton of load, and the force necessary 
to keep the carriage in slow motion varies from 2 to 5 
lbs. per ton of load. The destruction of power when a 
cord is wound round a cylinder shows how a multitude 
of very minute forces are increased by acciimula-tion ; it 
is upon this principle that the retardation of velocity in ships 
and steamboats is effected on being moored to piers, or the 
momentum of a falEng anchor is reduced. On the rope being 
coEed round the post or capstan, the friction exerted by each 
portion of the rope is accumulated so as to produce the final 
resistance; and thus, with one coil round the post or cyEnder, 
the weights which balance when hung on the two ends of the 
rope will be in the proportion of about 1 to 9 ; with two coils 
the ratio will be about 1 to 81, and so on as the number of 
coEs is increased. From the result of a series of practical 
experiments on the action of friction-brakes upon wheels and 
railway trains, it appears that the efficiency of a brake de- 
pends on the rapidity with winch the pressure can be put or 
the brake, and on the amount of the pressure being properly 
proportioned to the speed of the train and the adhesion of the 
wheels. It is the adhesion between the wheel and the rail 
which gives rise to the rolling motion, and as the point of the 
wheel in contact with the rail is for the moment at rest, the 
adhesion is tlmt bordering on motion, and its value may be 
regarded on an average at *24 or *25 of the weight. 

The attraction exerted between the molecules of bodies 
when their surfaces are brought into close contact is termed 
adhesion. In some cases adhesion differs but slightly from 
cohesion, as when two surfaces of lead are pressed together, 
it acts at insensible distances like that force. Adhesion takes 
place between solids; for instance, when two equal pieces of 
poEshed glass with a plane surface are pressed together the 
force of adhesion is so strong that the glass breaks without 
being separated, and as this adhesion takes place in vacito it 
does not arise from atmospheric pressure, but is the result of 
a reciprocal action between the two surfaces; the force of 
adhesion is increased as the contact is prolonged, and becomes 
greater in proportion as the contact is closer. The action of 
glue in uniting two plane surfaces of wood is owing to this 
property; the two surfaces of the wood are rubbed together 
until the glue is nearly expelled, and their surfaces are 
brought into the closest possible proximity, the glue being 
only a liquid medium to fiU up the inequalities of the pores 
and crevices on the surfaces. The force of adhesion here is 
so great that frequently the mass breaks more readily at other 
places than at the parts j oined by adliesion. In the same way 
two freshly cut surfaces of india-rubber, when pressed to- 
gether, adhere with great tenacity, and ultimately form one 
compact soEd mass. Adhesion takes place between liquids 
and soEds, and with a more powerful force than between 
solids. A glass rod, dipped into water, on being withdrawn 
will have a drop collected at its lower extremity, which will 
remain suspended there, and as gravity tends to detach it the 
superior force of adhesion maintains it there. A further 
illustration of the force of adhesion is the collecting of 
dust on walls, writing and drawing with chalk and pencEs, 
which entirely depend on the adhesion of soEds. The same 
in writing with inks; the liquid penetrates into the pores of 
the substance, carrying the particles of solid matter with it; 
as the liquid evaporates the particles remain by the force of 
adliesion. Tables have been prepared shomng the resistance 
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of adhesion of different kinds of nails when dri^ren^ into dry 
deal A sixpenny nail, seventy-three to the pound, and 
inches long, forced S-J inches into dry deal, required 327 lbs. 
weight to extract it ; the percussive force- required to drive the 
nail to a depth of 1| inciies with a cast-iron weight of 6'275 
lbs., was four blows or strokes falHiig freely the space of 12 
inches, and tlie steady pressure to produce the same effect was 
4CO lbs. ¥7hen the nail was driven 2|- indies into dry oak, 
it required a force of over 1112 lbs. to extract it by pressure. 

It has already been noticed that when the form of a body 
is affected by the pressure of another extraneous to it, the 
reacting force by which it sustains or tends to remove that 
pressure is its. elasticity. The cause of elasticity belongs to 
the theory of moleciilaiity, its effects in aggi’egate masses to 
mechanics. Elasticity in solids is called into action by trac- 
tion, torsion, and by tlexure. Bodies are said to be highly 
elastic which, like -rubber, undergo a considerable change 
on the application of a very s,mall force; still the force of 
e!asticit]r is often greater in many bodies, such as iron, which 
do not appear very elastic. Those bodies which by the 
exertion of a small force undergo a considerable change of 
foriii have also generally the propei'ty of undergoing this 
change without losing the tendency of the particles to return 
again to their original state. And those bodies wMch require 
a considerable force to effect a change are mostly those in 
which the force produces some permanent change and do not 
recover their fonn altogetlier wdien the force is no longer 
exerted The experiments of Savart demonstrate that for 
elasticity of traction or pressure, the alteration in lengthy 
within the limits of elasticity^ is in proportion to the length 
mid to the had acting 07i the hodg, ana is inversely as the 
section. It depends, however, on the specific elasticity; that 
Is, on the material composing the body. 

If this coefficient be represented by e, and if the length, 
section, and load are respectively designated by I, a, and p, 

? p 

then for the alteration in length, <?, there will be c = e — 

s 

The following are the elasticities of some of the principal 


ibstances. 

Steel, .... 

21 '000 

Plate glass, 

, . 7*015 

Wrought iron, . 

19'000 

Marble, 

, . 2-609 

Platinum, . . 

17'044 

Lead, . . 

. . 1*800 

Copper, . . . 

12-400 

Bone, . . 

. . 1*635 

Slate, .... 

11-035 

Wood, . . 

. . 1*100 

Brass, . . . 

9-000 

Whalebone, 

. . *700 

2!nc, .... 

8-700 

Sandstone, 

. . *631 

Silver, . . . 

7-400 

lee, . . . 

. . *236 


The weight which, when applied to a body of unit section, 
is just enougli to cause an appreciable permanent ciiange, is 
a measure of the limit of elasticity of that body. The ela.stic 
force of a twisted string follows a law precisely similar to that 
of one which is only stretched; the latter is proportional to tiie 
extension, the former to the torsion. If a cylindrical elastic 
thread, fixed at one end, be twisted by a force applied per- 
pendicularly to its length, any straight line taken along the 
surface of the cylinder will be converted into a helix, and 
with a double torsion the circular arc through which each 
point has been removed from its original place is doubled. 
And as the circular arc may be subdivided into any number 
of equal arcs, the successive resistances of the elasticity to the 
additional torsions are equal, supposing each preceding resist- 
ance to be sustained. Therefore, the accumulated force of 
torsion is proportional to the angle through which an index 
would move if fixed at any point perpendicularly to the length 
of the cylinder, or in the prolongation of its radius; but this 
law lias limits as well as that for the elasticity of tension, for 
the torsion may be continued until a strain is produced, when 
there will be an accompan^ug diminution of elastic force. 
The laws of the torsion of wires were determined by Coulomb, 
who devised an instrument called the tordon hdance . , It 
consists of a metal wire suspended at one end to a frame, and 
supporting at the other end a metal ball, to which is attached 
an index. Immediately below the index is a graduated circle. 
If the index is turned from its position of equilibrium through 
any angle, which is then the angle of tordon^ the force neces- 


sary to produce this effect is - the force of torsion. When, 
after this deflection the bail is left to itself, the reactictu 
torsion ensues, and the wire untwists itself, the ball rotating 
about its vertical axis with increasing rapitlity uiull it iiiialiy 
reaches its position of equilibiiiinL it uoe^' not, l]OWiHa*r, 
rest there; for by its inertia it p'asses tiiis po>itiue. aiiil the 
wire undergoes a torsion in the opposite direction. The 
equiiibrhuii being again destroyed, tiie wii’e ageJn 
itself, the same alterations are again produced, aisd the index 
does not rest at the zero of the scale until after a certain 
number of oscillations about this point have been conipleicil 
By means of this torsion balance Coulomb found that wiien 
the amplitude of the oscillations i.s within certain iiinits, tlm 
oscillations are subject to the folIowd,!ig lawcs ; — The (miiln- 
tions are very marly isockro'mms. For tiie same wire, the 
angle of torsion is pfoportional to the moment of the force of 
torsion. With the 'same force of torsion, and witJi wires of 
the same diameter, ike angles of torsion are proporikmal to 
the lengths of the wires. The same force of torsion being 
applied to wires of the same length., the migles of torsmi are 
inversely proportional to the fourth potvers of ike diameters. 
The laws of torsion .may he dediice-d from the formula 

1 jn 7 

za = — in wMch w is tlie angle of torsion, f t.l:ie mom.ent 
of the force of torsion, I the length of tlie 'wire, r its diameter, 
and i- the specific torsion eoe.fl1cierit. 

When a solid is cut into a tliin p.!ate or bar and fixed at 
one end, after having been more or less bent, ii >tn\es to re- 
cover its original position when left to itself. Tlii piope.rty, 
the elasticity of fleamre^ is very well ' defined lu steel, india- 
rubber, wood, and some other substances, a ' .!>.?& a i ett in gular 
bar (fig., 5, Plate ¥.), .fixed into a wall at' a, a.tia ioaittd it fee 
end n by fee w^eight w. The line Am is its i mmal uodtion 
before loading. The flexure e of the bar is lepie^Hited by 

the following formula: in wMcIi'W is fee load, I 'fee 


length of fee bar, b its breadth, h its thickness, and fee 
modulus or coefficient of ekstie.ity. The ie.i'igth of the bar 
A :d being divided into four equal parts, d a, d'a\ il*^ 
become respectively the sines of the angles mAn^ nao^ 

oa'pypa^'a!*'. 

The elasticity of flexure is applied in a great number of 
instances, as in carriage-springs, ivatch-spriiigs, bows, and 
the springs employed for mattresses, eushious, buffer springs, 
safety valves, &c. When a weight or force acts on any |iart 
of a horizontal beam supported at both ends, the pressure on 
that part is as the rectangle or product oi its two distances 
from the supported ends; therefore, the stress upon the beam 
I r' (fig. 6, Plate ¥.), supported at tiie two ends f f‘ by tlie. 
iveight rv placed at o, is as f a x b f', because, by the principle 
of the lever, the effect of the w^eiglit w' on the lever f a is f a. w ; 
and fee effect of this force acting at o, on the lever b f', i.s 
FA. w. B f' — FA. BFh tv, 'The Weight w being known, the 
effect of the pressure or stress is as a. Tlie greatest strain 
on the beam is wlien the weight w is at tlie middle, tor then the 
rectangle of the two halves f a . f a = i-F Fh | ff' — f f "\ which 
is the greatest. As fee pressure m moved from the luiildle 
point, the stress becomes less and less as it approaciies the 
extremities, where it is nothing. Again, if 'ic k the greatest 
weight tliat a beam can sustain at its middle point, the posi- 
tion on the beam where it will support any gi'eater w'eight w 
wuli be found by the following proportions, w : w : : I f f f', 
or F : F Ah B F,' or F A X (f f' - f a) == F F'. F a"- f aI 

The ultimate strength or breaking load of a bar exp>osed to 
direct and uniform tension is the product of the area of cross 
section of the bar into the tenucity of the material. If p 
denote the brealdng load in pounds, s the area of section in 
square inches, / the tenacity in pounds on the sipiare inch, 

then p =/>, s Tenacity diminishes with the duration 

/ 

of the strain. A small force continuously applied for a long 
time will frequently break a wire wliieh would not at once he 
broken by a heavier weight. Tenacity, like elasticity, is 
different in different directions in bodies. In wood both the 
tenacity and the elasticity are greater in the direction of the 
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fibres than in a transverse directionj and this difference is i 
maintained to a certain extent in all bodies the texture of 
which is not the same , in all directions. The following are 
pine of the most useful values of the tenacity of materials ' 
in pounds on the square inch. 


Bronze or gun-metal (copper 8, tin l)^ . 36*000 

Copper, cast, 19*000 

'' sheet, 30*000 

“ bolts, . . . 36*000 

60*000 

ns qualities, . , . 13*400 to 29*000 

ge British, about 16*500 

boiler plates, 50*000 

large forgings, . . 40*000 to 50*000 

bars, rocfi, and bolts, 60*000 to 70*000 

wire, ..... 70*000 to 100*000 

80*000 to 130*000 


wire, 

Iron, cast, various qualities, 
Cast iron, average British, . 
Iron, malleable, boiler plates, 
large forgings, 


Ash, 17-000 

f ir and pine, 12*000 to 14*000 

Oak, ........... 10*000 to 19*800 

Teak, Indian^ 16*000 

Hempen hawser, girth in inches squared, . . x 1*050 
Hempen cable, girth in inches squared, . . , x 672 
Iron wire ropes, per square inch of iron, . . 90*000 
per pound weight to fathom, . 4*480 

Leathern belts, working tension per square inch, 285 
Silk fibre, tenacity per square inch section, . 52*200 

The tenacity of cylindrical boilers and pipes may be deter- 
mined if r denote the radius of a thin hollow cylinder, such 
as the shell of a high-pressure boiler, t the thickness of the 
shell, / the tenacity of the material in pounds per square 
inch, and p the intensity of the pressure in pounds per square 
inch required to burst the shell. This pressure ought to be 


platinum, iron, copper, zinc, tin, lead, nickel. Platinum is 
so ductile that 1*26 of a grain is capable of being drawn 
into a wire 0*00003 of an Inch in diameter and a mile- in 
length. 

MdLleahility is only a modified form of ductility, and a 
metal is said to be malleable when it can undergo hammering 
without exiiibiting signs of fracture. Gold is the most 
malleable of all the metals, and is capable of being beaten 
out into sheets or leaves about the W&us inch in 

thickness. 

As all bodies vary in their density, so the property m 
hardness, or the resistance which bodies offer to being worn 
away or scratched by others, is only a relative expression, and 
has no relation to the resistance of the body to compression. 
Glass is much harder than wood, but the blow of a hammer 
which would fracture glass is resisted by wood. A body may 
be hard in reference to one body and soft in reference to 
others. The relative hardness of two bodies is determined 
by trying which of them will scratch the other. The 
diamond is the hardest of all substances, for while it will 
scratch all others it is not scratched by any. Bodies have 
been classified into a — 

1. Talc. 5- Apatite. 8. Topaz. 

2. Rock salt. 6. Felspar. 9. Corundum, 

3. Calcspar. 7. Quartz. 10. Diamond. 

4. Fluorspar. 

Thus the hardness of a body which would scratch topaz, bw 
would be scratched by corundum, would be expressed by the 
number 8*5. The pure metals are softer than their alloys, 
and for that reason coinage and jewelry of gold and silver 
are alloyed with copper to increase their hardness and resist- 
ance to the wear and tear of friction. If a soft body moves 
with great velocity, it is then capable of cutting into a hard 
body. A disc of soft iron revolving with ra;pid speed will cut 
through a hard steel file, and if the velocity of rotation is 
sufficient will even cut into agate and quartz. Many bodies, 


taken at six times the, effective working pressure^/ectiw ^fter they have been raised to a high temperature, acquire 


meaning the excess of the pressure from within above 
the pressure from without, which last is usually the atmo- 
spheric pressure of 14*7 pounds on the square inch, or there- 
abouts. Then p and the proper proportion of thick- 


great hardness by sudden cooling. TMs operation is terined 
tempering. The value of all cutting instruments and coiled 
springs depends upon the perfection of their tempering. A 
badly tempered clnsel or knife soon gives way on the cutting 
edge if the tempering is too hard, and also speedily loses 
its sharpness if the tempering is too soft. Steel is usually 
tempered by being immersed at a bright cherry-red heat in 
a bath of oil, at a temperature varying from 430 degrees to 
600 degrees. The more sudden the cooling, the greater is 
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ness to radius will be given by the formuia±-Z.. Tenacity f is usuahy 

® 2 f tempered by being immersed at a bright cherry-red heatm 

varies greatly with the form of a body. With the same a bath of oil, at a temperature varying from 430 degrees to 
sectional area, a cylinder lias greater tenacity than a prism. degrees. The more sudden the cooling, the greater is 
The quantity of matter being the same, a hollow cylinder has hardness produced, 
greater tenacity than a solid one; and the tenacity of this 

hollow cylinder is greatest when the external radius is to the PEixoiPiiES of woek. 

internal radius in the ratio of 11 to 5. The shape has also It has already been shown under ^‘Newton’s laws of 
the same influence on the resistance to crushing as it has motion” that a body, whetiier at rest or in motion, must con* 
on the resistance to traction. A hollow cylinder with the tinue at rest or in motion in the same direction and with the 
same mass and the same weight, offers a greater resistance same velocity, unless some eximmal force is brought into 
than a solid cylinder. Thus it is that the bones of ani- action to change either the direction or velocity of its motion, 
mals, the feathers of birds, the stems of corn and other But the action of a force may be otherwise shown. Thus a 


plants, are stronger than if they were solid, the mass remain- 
ing the same, , 

The limit of elasticity of wrought iron is about 10 tons to 
fche square inch, and the lengthening effect on a bar by each 
ton of strain is tsctoo part. When the limit of elasticity in 
a body has been exceeded, a new property comes into play, 
namely, ductility. If cylindrical bars of iron or steel be 


ship under sail continues its motion quite uniformly under 
a uniform pressure of wind. Yet the wind is performing 
work because it is occupied in counteracting those forces, 
such as the friction of the water, which tend constantly 
to destroy the motion of the vessel and bring it to a state 
of rest. 

Thus there are two classes of cases both of wliich indicate 


placed in a testing machine, and force is exerted until the the expenditure of force:- 


bars are pulled asunder, it will be found upon examination, | 


Where the velocity of motion of any body is eontinually 


when the two pieces of a bar are fitted together, that the altered, as in the case of a body falling freely in space under 
bar has been elongated thi’oughout, but mostly near the the influence of gravitation. 


centre where it has broken. If the length of the bar was 
4 inches before the strain was applied, and after fracture is 
found to be 5 inches long, then the ductility is said to be 


2. Where the motion of any body is maintained in opposi- 
tion to forces tending to resist its motion. 

In each of these cases loork is said to be performed, and 


25 per cent. Sir J. Whitworth estimates the tensile strength to measure the force thus expended a unit of work has 
or breaking strain for a square inch bar of Lowmoor iron at been adopted. The simplest case is where the resistance 
about 27 tons, with a ductility of 38 per cent. It is this is constant and the direction of motion is opposite to the 
property of ductility in metals which admits of their being direction of the resistance. This would occur when a weight 


drawn out in length as wire, while the diameter only is 
diminished without any actual fracture. The most ductile 
of the metals are in the following order:— Gold, silver, 


suspended on a rope is lifted by a force acting through the 
rope. The work done is then measured by the product of 
the number of pounds lifted into the number of feet through 
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which they are raised; the product is the number of foot- 
pound's; thus, if 25 lbs. be raised 6 feet, the r^ork done is 
150 foot-pounds. The tmiit of vjorh is the work done ^ in 
raising 1 ib. 1 foot high, and is called a foot-pound. The 
French unit of work is one kilogramme raised one metre, 
and is termed a Jdlogmmmetre, Its value is 7*2331, or : 
about foot-poimds. The tenn power is applied to the 
rate of doing work The sustained work of a horse con- 
tinued for one minute is estimated to raise 33,000 lbs. 

I foot, or 33,000 foot-pounds represent the 3'ate of work of 
a horse per minute. This is the value of what is tecimically 
termed a horse power. The rate at which a man does work 
per minute is taken at the value of 3300 foot-pounds, or 
h that of a horse. 

The irrhiciple of v:orl' contains the whole theory of 
equilibrium, and in order that work may be done, some 
one or more of the forces employed must preponderate. 
The condition of the equality of moments in a lever fol- 
lows directly from the principle of work. Tlie principle 
of work embraces a truth which has passed into a com- 
mon saying, namely, 'What is gained in power is lost in 
time.''*’ To gain in power me^ans that it is possible to 
move a heavy weiglit by a small force, and to lose in time 
means that it can only be accompli?, lied very slowly. The 
work done by a force is usually represented by a diagram, 
as work done by a constant force is the product of the force 
into the space moved through by its point of application in 
the direction of the force; and as force and space are both 
represented by straight lines, work done is represented by an 
area. There is another mode of estimating work derived 
from the laws of motion. When force acts upon a free 
body it will set it in motion, the inertia of the body repre- 
senting the resistance to be overcome by the force; and 
therefore work is done in impressing velocity upon a body. 
In the same way a body in motion can only be brought to a 
state of repose by the expenditure of force, and work is 
therefore done during the destruction of the motion. When 
a body is raised to ascertain height, and then allowed to fall, 
it acquires in falling a velocity dependent on the height 
through which it had been raised. If it were possible to 
s^iddeniy reverse its motion, the body would rise to the exact 
height from wliich it fell, and in so doing would perform 
work. Therefore the velocity acquired in falling is a measure 
of the work done in lifting the body, and is produced by the 
action of a definite force, the weight of the body acting 
through a definite space, namely, the height through which 
the body has been raised; so that it may be said that work 
is stored up in a body in motion, and the measure of tlie 
work is the height through which the body must be raised, 
in order that by falling it may acquire the velocity with 
which it is actually monng. The velocity hitherto* under 
notice has been linear velocity, but it is e^udent that where 
more than one force is in action in diflerent directions, the 
body acted on may descril:)e a curve. The imrtia due to 
mass is always present, and work can equally well be stored 
up in a rotating wheel as m the head of a steam hammer. I 
Therefore the heavy rotatmg fly-wheel of an engine becomes 
a reservoir in which the work of the engine can be accumu- 
lated. To estimate the work stored up in a body rotating 
with a given velocity, let the body of a weight, w, move in 
a circle of radius, with a lineal velocity of u A line 
drawn from the body to the centre of the circle will move 
round the centre with an angular velocity, represented by w. 
Then v^wr. But the work stored up in the body is— - 


u ® ^ 




%q %q 


(mass) X (radius)l 


AEITHMETIG.— CHAPTER I¥. 

DTVISTON OP WHOLE NUMBERSl. 

Hmsiox is the processor ascertaining how uiany time? 
parts of times) one number is contained in another, it i‘- 
therefore, in reality, a concise method of ])errr»’'mir.g ma.-ny sub- 
tractions of the same niiml^er, and is, as an operation, exactly 
the inverse of multiplication. In multiplicr.tion the prodr.cc 
of two numbers consists of one of these numbers repeated as 
many times as the other contains 1 , that is to say. , p. 
the product contains one of the factors the niiml ;er * ^ 

of times expressed by the otlier. If, tlierefore, we . ' 

have a product given and one of the factors, t!ie 
other factor ■will be found by reversing the process 5 

by wliich the product was formed — that is, hj " 

subtracting the known factor continually from tl'c . 
product until notimigis left. Thus, su])posing ii ' , 

is required to find liow often 161 contains 23, or 

that the following question is asked: — There i.s a 

heap containing 161 pebliles, how many less heaps, V.h ^ 

eonttdning each 23 pebbles, can be formed out o 

it I The simplest mode of proceeding ob.viously 
to take 23 from the great heap, and put them into ^ 

a new heap by tliem-selves ; then to take anotiier 
23 from it, and place tliein in anotiier Iieari by 
themselves; and so on until tiie original heap is ^ 

exhausted. After seren subtractions we fiiicltha^ 
notlnng i.s left, and therefore w’e conclude that 161 
contains 23 that number of times. Here 161 is ^ 

called the dividend^ 23 the dudsor, and 7 the 

quotient, Tlie aritlimetical process by which a ^ ^ 
quotient is found is division. * 

When the divisor is not gi*eater than 12 a knowledge of the 
multiplication table enables us to a]3ridge these processes. 
To show how this is accomplished, let it be required to divide 
38024 by 7. Tiie operation is here shown botii at full length 
and in the abridged form. 

It is easy to recollect — without being Coinraon Process, 
at the trouble of writing it down — that 36 7)38024(5432 

divided by 7 gives a remainder, 3; this 3. 35 

placed before tlie next figure of the divi- — 
dend nientalhp makes 30, which, divided 30 
by 7, gives a Remainder, 2; this 2, again. 23 
placed before the 2 of the dividend makes 
22, which, divided by 7, gives a remainder 22 

1; this placed liefore 4, the last figure of 21 

the dividend, makes 14, wiiich, divided by — ■ 

7, gives a remainder 0. 14 

This method ivS likewise applicable when ^ 

tlie di^usor can be re.solved into two or 
more factors not exceeding 12. For as in ^ 

multiplication we may multiply sucee.s- 
sively by tlie factors of the multiplier (page ' 

218), so in division we may reverse the 

process and di.vide a dividend succes.rively 54:12 

by the factors of a divisor (tlie dividend 

being regarded as a product obtained by multiplying the 

quotient by all the parts of the divisor). 

Thus 7964 x 48 === 7964 x 6 === 47784 x 8 382272. 

Therefore 382272 48 =- 382272 ri-8 - 47784 -- 6 - 7964. 

The method of applying this principle is shown in the 
following examples, in which it will be observed tliat the order 
of the factors is unimportant. 

, Divide709695by63=-7x9 1 Divide 1573066 by 44-11 x 4 


' Prot't' 

7)^024 

5432 


From this expression it appears that the work stored up in 
the separate parts of a body moving with a given angular 
velocity depends upon the square of the distance of each 
part from the axis; and a pound weight at a distance of 
4 feet from the axis of rotation has sixteen times as much 
work stored up in it as the same weight at a distance of 
1 foot from the axis, the angular velocity of rotation being i 
the same in both oases. 

- The term in mechanics has only one mining, 

oamdy, the capacity for performing work. 


9)709695 7)709695 4)1573056 11)1573056 

7) 78855 9)101385 11) :i93264 4) l43()05— 1 

X1265 '11265 116751—3 35751—1 

In the last example there is a difliculty in the case of the 
remainder. By the first process we obtain 3 over at the final 
division, and by the second we get 1 at each division. But if 
we try the question by the common method we find that the 
true remainder is 12; we must, therefore, determine some 
method of getting tliis number from the partial remainders 
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obtained. How 4x3 = 12, and 1 x 11 -i- 1 — 12 ; that is, (1) 
the^ last partial remainder multiplied into the Jirst partial 
divisor gives the true remainder when there is*no previous 
partial remainder; but (2) when there is a preceding re- 
mainder it must be added to the product. This rule must, in 
the meantimej be accepted as true, but the reason of it will 
soon be made perfectly obvious. 

_ When the <hividend contains the divisor a great number of 
times, it is hardly practicable to employ continued subtraction 
to obtain the quotient; and, accordingly, we have recourse to 
methods of abbreviation analogous to those employed in multi- 
plication. But before proceeding to explain these, it is 
necessary to observe that when the divisor is not greater than 
12, and the dividend not more than 12 times as great as the 
divisor, the quotient must be contained among the products 
of the nmltiplication table given in page 216. For example, 
if it be inquired how often 56 contains 8, on consulting the 
table we find 8 in the column of multipliers, and 56 in the 
same horizontal line and under 7; the other factor, 7, ex- 
pi'esses therefore the number of times which 56 contains 8. 
But this table, as was shown on page 216, does not contain 
among its products all numbers between 4 and 144, although 
it contains all the factors between 2 and 12; there must, 
therefore, be numbers within that range which cannot be 
divided exactly by any of these factors. We find, for instance, 
in the table 42 and 44, but not 43. This number is therefore 
not divisible exactly by any factor given in the table; but 
further, we observe that 42, although it occurs twice, is not 
found among the products of 8, and we therefore conclude 
that it is not divisible exactly by 8. This may be proved 
by following the process explained above. It will at once 
appear that, having subtracted 8 five times from 42, there 
remains 2; we then say that 42 contains 8 five times and 2 
over, or that 42 divided by 8 gives as quotient 5 and a re- 
niamder of 2. This is exactly wliat the table informs us; for 
as 42 is between 40 and 48, we observe that the highest pro- 
duct of 8 which it can contain is 40, the factors of which are 
8 and 5, and the difference between 42 and 40 is the remainder 
2. If we use signs the expression would stand thus:— 

42 = 8x54-2, or42-r8 = 5|. 

The sign used to denote arithmetical division is sometimes 
-r, and at other times (:), but by far the neatest and most 
convenient way of expressing division is to write the dividend 
above, and the divisor beneath a small horizontal line. These 
modes are exemplified the division of 8 by 4 thus: — 

8t-4=2, 8:4=2, -=2. 

4 

For convenience^ sake we sometimes arrange the figures as 
follows : — 


When the divisor is small, ‘ 


when large, 43)903(21 


200 times 9 


30 times 9 


5 times 9 


contains 8 1 time, and therefore 144 contains 17 eights and 
1 eight, 18 eights (or 12^4-54-1=18 times). 

The proof that 144-4-8 = 18 is that 18x8 = 144, ie. 
the divisor and quotient multiplied together produce the 
dividend. 

In applying this principle to other cases of division, it is 
not necessary actually to separate the dividend into parts 
before commencing the process : the same may be done more 
concisely during the working. 

Thus, let it be required to divide 11115 

11115 by 9. The question is to 9000 1000 times 9 

find a number which multiplied — • 

by 9 will give 11115; but that 2115 

number will be ascertained by 1800 200 times 9 

finding out how often 9 can be 

subtracted from 11115. We 315 

might therefore proceed to sub- 270 30 times 9 

tract 9 continually, as we for- _ 

merly did 23, until the dividend 45 

is exiiausted; but it will obvi- 45 5 times 9 

ously not affect the result to — — — 

subtract as many nines B,t a 0 1235 

time as we may find convenient, 

taking care to mark, at each step, how many are taken away. 
How we at once see that 11115 is greater than 1000 times 9; 
we therefore take away 9000 at once; the quantity 2115 
which remains is greater than 200 times 9 (for 9 x 200 = 1800, 
whereas the remainder has 21 hundreds) ; we therefore take 
away 1800, leaving a remainder of 315 ; this remainder again is 
greater than 30 times 9 = 270; tliis number being subtracted, 
there remains 45, which we know to be just 5 times 9. There- 
I fore 11115 contains 9 exactly 10004-2004-304-5 times, 
that is, 1235 times. The working of 
this process is shown on the margin. (1) 90W _ 

In the above operation it will be 
observed that we really separated the xgoo 
dividend 11115 into parts in finding — — = 200 

thatllll5=90004- 1800-^2704-45, 
and had these parts been known to ^ ^ = 30 

us previous to commencing the oper- ^ 

ation, we might have proceeded W 5 

with the division as here otherwise 9 — 

given on the margin. 11115 _ 


( 1 ) ^00 

9 

(2) 1800 
9 

(3) ^ 

9 

(4) 4^ 
9 

11115 


= 200 


We have seen that in dividing one number by another, we 
may break up the dividend, and divide each of its parts by the 
divisor, and then add the results together. Thus, it is plain 
that 144 contains 8 just as often as all its parts together. 
How 144 is made up of 80, 40, and 24, and of these 

80 contains 8 10 times, 

40 contains 8 5 times, 

24 contains 8 3 times. ' 

Therefore 804-404-24, i.e. 144, contains 8 104-54-3 times, 
i.e, 18 times. 

But again, 144 is made up of 100, 40, and 4; 

and 100 contains 8 12 times and 4 over (or 12^), 

40 contains 8 5 times and 0 over (or 5 ), 

4 contains 8 0 times* and 4 over (or ^). 

Therefore 100 4- 40 -h 4 contains 8 124-54-0 times and 4-h 

04-4 over, or 144 contains 8 17 times and 8 over. But 8 

* We ought properly to say that 4 does not contain 8, but the ex- 
pression 0 times is equally intelligible, and is preferable on the score 
uniformity. 


^ Therefore 

It is obvious now that the only difficulty which can occur, 
is in finding out how many times we may subtract the divisor 
at each step, and tins is in a great measure removed by con- 
siderations of the following kind:— 

21 contains 7 3 times; therefore 

10 times 21 or 210 contains 7 SO times, 

100 times 21 or 2100 contains 7 300 times, 

1000 times 21 or 21000 contains 7 3000 times. 

15 contains 5 more than 2 times; therefore 
150 contains 5 more than 20 times, 

; 1500 contains 5 more than 200 times, 

i 15000 contains 5 more than 2000 times. 


18 

180 

1800 

18000 

180000 


a ^ ’xs 

J 20 § 

g 2000 I 

a 20000 *43 


3 times, 
30 times, 
300 times, 
3000 times, 
30000 times. 


To illustrate these principles, let it be required to divide 
40761 by 7 ; that is, to find =? 

Here the first figure, 4, of the dividend is less than 7; the 
quotient sought is therefore less than 10000, for 10000 x 7 
gives 70000, which exceeds 40761. But we observe that 40, 
the first and second figures together, contain 7 more than 
; 5 times, and less than 6 times; therefore 40,000 contams 
I 7 more than 5000 times, and less than 6000 times.. But 
! 40761 also contains 7 more than 5000 times, for 40761 is 
I greater than 40000; it also contains 7 less tl^ian 6000 times. 
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because 6000 times 7 is 42000, a greater number than 40761. 
We may therefore subtract 5000 
times 7 ( = S5000) from 40761, wMch 
leaves a remainder of 5761. The 
quotient sought is therefore 5000 


40761 

35000—5000 times 7 


“h 


5761 


It remains now to find how 


5761 
5600 = 


800 times 7 


161 

140= 

21 
21 = 


20 times 7 


3 times 7 


many, times ' 5761 contains 7. Pro- 
ceeding as before, we observe that 5 
does not contain 7, but that 57, does 
contain it more than 8 times, and 
less than 9 times; therefore 5700 
contains it more tlian 800 times, and 
less tlia,n 900 times; as does 5761; 
subtracting the 800 times 7, or 5600, 
there remains 161. The quotient is 

therefore 5000 -f 800 ip. Fow 
{ 

16 contains 7 more than 2 times and less than 3 times; 
therefore, 160 contains 7 more than 20 times, and less than 
30 times; as does also 161; subtracting then 20 times 7, or 
140, there remains 21. Now, 21 contains 7 just 3 times; 
and this being subtracted, the dividend is exliausted. We 
,40761 


40761 = 5823 times 7 


therefore conclude that : 


= 5000 -h 800 4- 20 -f 3 = 5823. 


The following examples may be gone over similarly:— 


1856 


= 552 


8765 


= 1753 


97587 


= 13941. 


The same method is applicable, however great the divisor 
is. One other example will make this plain : — Divide 4298689 
by 576. 

We here observe, that it takes the four figures on the left 
of the dividend, namely, 4298, to 

4298689 

4032000 = 7000 times 576 


make a number wMch is greater 
than 676, the divisor: the divi- 
dend is therefore separated into 

4298000 and 689. Now, 4298 266689 

is found to contain 576 more 230400 = 400 times 676 

than 7 and less than 8 times ; 

therefore 4298000 contains it 36289 

more than 7000 and less than 34560= 60 times 576 

8000 times ; and subtracting 

576x7000 from the dividend, 1729 

the remainder is 266689. The 1728= 3 times 676 

four figures, namely 2666, on 

the left of this remainder, con- 1 remainder. 

tain 576 more than 4 and less 

than 5 times, therefore the ■whole remamder contains it more 
than 400 and less than 500 times; and 576 x 400 being sub- 
tracted, there arises the new remamder. With this the same 
operation is repeated until it appears that the quotient is 

7000-^4004-60+3 and 1 over =7463 + 1. 

It will be observed, on examining the foregoing examples, 
(1) That it is unnecessary to write the ciphers which are 
placed on the right of each subtra- DWisor, pividen^ quotient, 
bend, provided we take care to keep 
the significant figures in their proper 
places without them ; (2) that it is 
unnecessary to put down those figures 
of the dividend which fall over ciphers, 
as they do not begin to be of use in 
forming the quotient until significant 
figures faU under them; and (3) that 
the figures of the quotient might be 
written in succession in the usual way. 

The last example is shown in this 
abridged form at the side, and it is 
particularly to be remarked: (1) *• 

That one figure of^ the given dividend af pears, on the right of 
every partial dividend. (2) That for every figure of the 
dividend not employed in the first partial division^ there is a 
quotient figure of the same order. 

From the nature of the numeration scale, it is obvious that 
no partial quotient can exceed 9, which is the highest number 


576)4298689(7463 
4032 

2666 
2304 

3628 
3456 

1729 
1728 


expressed by only one figure; should a partial product come 
out 10 or more, there has been an error in the preceding step. 

From the foregoing principles, the following rales for 
division are deduced : — 

I. Write the divisor and dividend in one line, tmd plmt 
reversed parentheses one on each side of the dividend, 

II. Out op from the left of the dividend^ the smaileM 
mimher of figures which make a number as great or greater 
tharn the divisor; find what nmiiher of times the dirkor is 
contained in these, and write the figure which results, as the 
first in the quotient. 

III. Multiply the divisor hy the gmtimt figure, and 
tr&ct the product of these from the mimher uduck was cut of 
as a partial dhidend, from, the left of the gimi din.dend. 

If the product cannot be subtracted, that is, if it is grt'ater 
than the part of the dividend cut off, the figure placed in tiie 
quotient is too great, and a less figure must be taken. On 
the other hand, if after tlie sii]}traction the remainder l)e 
greater than the divisor, the quotient figure taken l"ia.s been 
too small, and a greater o,ue must be used, 

IV. On the right of the rertiainder place the figure of the 
dividend which comes neat after those taken at first according 
to Rule II.; find koto ofi'ten this nnmher contains the divisor, 
and place tile resulting figure on the right gf the first figure 
of the quotient; multiply the divuor hy it, and subtract the 
product from the partial dividend. 

Should it happen at any time that the remainder, increased 
by the figure of the dividend taken down, is less than the 
divisor, a 0 must, be placed in the quotient, and another 
figure of the dividend brought down; and tliis must be re- 
peated, if necessary, until, the augmented remamder is capable 
of containing the divisor, or the figures of the ditidend are 
exhausted. 

V. Proceed with all subsequent partial divMends m 
directed^ in Rtde IV., contimdng the process till all the figures 
of the dividend are h'ought dotm. 

The following example simply but amply lllustates thif? 
rule: — 

Here we take tiie first tlmee figures 
on the left of the dividend as our 
first partial dividend, and ditiding 
these by the divisor, we write in the 
quotient the number resulting from 
the division, i.e. 2, and multiply the 
divisor by this number. We now 
write the product 502 under the par- 
tial dividend 577. The subtraction 
being performed, %ve bring down tlie 
5 of the hundreds of the dividend, 
and annex that figure to the re- 
mainder, 75. We again divide tliis 
new partial dividend by the divisor, 
and obtain 3, which we place as the 
second figure in the quotient; multi- 
plyhig the divisor by this number, we 
subtract the product 753. To the 
remainder, 2, we annex 6, the tens’ 
figure of the dividend, mafang a par- 
tial dividend 25. As this does not 
contain the divisor (or, as for the sake 
of uniformity we express it, 25 con- 
tains 251 0 times), we write 0 for the next figure of the 
quotient, and bring down 6, the imits’ figure of the dividend, 
making the partial dividend 256. This contains the divisor 
once; we therefore write 1 in the units’ place of the quotient, 
and, subtracting the divisor (that is, 251 x 1 = 251) from the 
partial dividend 256, get as a remainder 5. Theretui'e 
577656+251 = 2301+5. 

When, as in the foregoing example, the divisor contains 
several figures, some difficulty may be felt in discovering how 
often it is contained in the partial dividend. Nothing but 
practice can enable us to do tins with facility — with every one 
it is a sort of guess-wmrk — ^yet the difiiculty is not, in reality, 
so great as it, in general, appears to the beginner. The fol- 
lowing example will show how it is accomplished: — Divide 
423405 by 485 


Oivlfior. ,D.Uitlead. 

261)577556(2301 

502 

755 

753 

256 

251 

Remainder 5 

Proof. 

2301 Quotient. 
251 Divisor. 

2301 

11505 

4602 

5 Remamdei 
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Taking the four figures on the left of the dividend to form 
a number capable of containing the 
divisor, we do not see immediately 485)423405(873 


how often 4234 contains 485. To aid 3880 

us in guessing, we observe that 485 is . 

between 400 and 500, and that if it 3540 

were either the one or the other of these 3395 

numbers, the question would be reduced 

to finding how often 4 or 5 is contained 1455 

in 42. The reason is that 4 or 5 is 1455 

contained in 42 as often as 400 or 500 ■ 

is in 4200, and this last differs little 0 

from 4234. We see now that our 


quotient figure cannot he greater than 10, nor less than 8; it 
cannot be so great as 10, for on that supposition the three 
figures on the left of the dividend would contain the divisor 
once^ which they do not. It only remains, then, to try whether 
9 or 8 (employed as a multiplier of 485) yields a product 
which can be subtracted from 4234, and we find that it is 8 ; 
8 , therefore, is the first figure of the quotient. When 
485 X 8 = 3880 is subtracted, and the next figure (0) of the 
dividend annexed, we find that the second partial dividend is 
3540. Reasoning upon our divisor as before, we observe that 
the next quotient figure cannot be greater than 8, nor less 
than 7 ; but as 485 is nearer to 600 than to 400, we try 7, 
which results from a division of 36 by 5; the supposition 
turns out to he correct; for 485x7 = 3395, and tins sub- 
tracted from 3540 leaves 145, which is less than the divisor. 
By annexing 5 to 145, we get 1455, our third partial divi- 
dend, and as 1456 approaches to 1600, and 485 to 500, we try 
3 for our next quotient figure, and find that 485 x 3 = 1455. 

It would now be higliiy advantageous to test the foregoing 
instructions with the following examples;—- 

® 3 ^= 301 , 1 §™| 8 == 842 . 

Iv 21 234 

Prove that 224091 = 4309 x 52 + 23. 

Also, that = 4309 x 26. 

Is 215514= 1781 X 121 + 13 1 


THE LATIN LANGUAGE. —CHAPTBE T. 

V32EBS : CONJUGATION — VOICE— MOOD — TENSE— NUMBER — 
PERSON — ESSE AND POSSE. 

Speech is used to register and communicate thought. Pre- 
dication {p'mdico, I publish or proclaim) is the setting forth 
of thought. The chief word in predication is a verb. By 
that, the relations of subject to subject or subject to object 
are expressed. Verbs affirm or deny the state, condition, 
characteristics, or activities of things and persons. They not 
only declare facts hut enounce opinions, express feelings, 
and indicate determinations. Pure thought may be indicated 
by the relation of subject and predicate ; but almost all thought 
is bound to take note of the time and circumstances which 
bear rule among tilings. Things and persons exist, think, feel, 
suffer and cause suffering, change and are changed. The 
verb is the word wMch is employed to state in due form all 
the changes which thought finds it requisite to express. In 
nouns, the chief changes which occur in things are indicated 
by cases; in verbs, the changes which take place in man’s 
relation to things, and theirs to him, as well as theirs to each 
other, have been brought together in certain forms called con- 
jugatiom. Man finds that he must distinguish between energy 
confined within persons or things, or passing out in action 
and producing effects and causing changes. Hence we have 
voices — active and passive — and classify verbs into transitive 
or intransitive. Experiences differ in the manner in which 
they are done and received, and hence the verb takes the 
distinction of mood. All tliat we know opeiating around us, 
we know as influenced by time, and therefore tense becomes 
an adjunct of the verb. Different persons are differently re- 
lated to one another and to the experiences with which the 
world is filled, and their numbers may be one or many, hence 


we have singular and pUirai number. All those peculiai 
modifications possible to thought and action require to be in 
some cases incorporated with, in others attached to, the verb. 
In Latin the former plan prevails, in English the latter. 

The Latin verb indicates in its form — voice, mood, tense, 
number, and person. This it does by various changes made 
in and on its form, mainly by the affixing of a variety of ter- 
minations. Sometimes several suffixes are added to one verb, 
each of wliich requires in English a distinct word to express 
its meaning. Thus a Latin verb is often equivalent to several 
English words; as dixerim, I might have spoken. 

It is a MgMy important thing therefore to aequme an 
accurate knowledge of these various terminations. That we 
may he able readily to learn to distinguish these different 
terminations, grammarians have gathered, from all extant 
literature, words of similar form, arranged them in order, and 
deduced from them a plan by which they may be presented 
in systematic order in a series of paradigms. A few neces- 
sary explanatory remarks require to be made in order that 
the student may see in the paradigms what they are intended 
to show Mm, and to understand not only their meaning when 
seen, but their use when he requires to apply the knowledge 
he there gains to practical purposes. These observations will 
be found given in order in the succeeding paragraphs. 

A verb is grammatically conjugated when all its parts are 
properly classed, or, as it were, yohed together, according to 
voice, mood, tense, number, and person. 

A Latin verb is, however, in common usage said to be con- 
jugated when only its-principal parts — present, perfect, supine, 
and infinitive — ^are mentioned, because from them all the r^st 
are derived. 

There are four conjugations of verbs: — 

I. The First Conjugation is known by d before re of the 
infinitive; as dmdre, to love; latulare. to -gxedse; ctdpare, to 
blame; pugndre, to fight. 

II. The Second Conjugation is known by e before re of the 
infinitive; as mdmre, to advise; fere, to weep; manere, to 
remain; seder e, to sit. 

III. The Third Conjugation is known by e before re of the 
infinitive; as regere, to rule; cwTere, to run; indu^re, to put 
on; arguere, to argue. 

i IV. The Fourth Conjugation is known by % before re of the 
infinitive; as audlre, to hear; nutrlre, to nourish; erudlre, 
to instruct; fimre, to bring to an end. 

Verbs iiave two voices: I. Active; as dmo, I love; II. 
Passive; as dnor, I am loved. 

Active and deponent verbs are of two kinds: transitive, 
i.e. acting ©n an object, as amo eum,l love him; or intransi- 
tive, i.e. not acting on an object, as sto, I stand. 

A deponent verb is for the most part passive in form, but 
active in sense; as liortor, I exhort. 

Such verbs receive the name because they lay aside (depbno') 
their passive signification and their active form, being in fact 
only the passive voice of obsolete active verbs. Though, how- 
ever, their active signification is preserved, yet the participle 
in -dus has always a passive sense; as loquendus, to be spoken. 
Intransitive verbs have only the neuter form of tMs participle, 
which in the nominative and accusative is called the gerund 
of necessity; as Moriendum est omnibus, All must die. 

Intransitive verbs cannot take a personal passive. 

Besides the foregoing classification of verbs into active, 
passive, and deponent, and these again into transitive and 
intransitive (or neuter), grammarians name and distinguish the 
following subclasses: — ^Substantive, Neuter, Neuter- passive, 
Common, Desiderative, Inceptive, Frequentative. 

A mbstantioe verb expresses being or existence. The sub- 
stantive verbs are sum, I am; forem, I might be; existo, I 
exist. 

A neuter verb expresses neither action nor suflering, but 
simply the state, posture, or quality of its nominative; as 
palteo, I am pale; sMeo, I sit. 

A neuter-passive verb is partly active and partly passive 
in termination, and is active, passive, or neuter in significa- 
tion; as audeo, I dare; gaudeo, I rejoice; exulo, I am ban- 
ished; fib, I am made, or become; vdpulo, I am beaten; 
veneo, venii, I am sold. 

Neuter-passives receive their name from having a perfect 
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passive in form; as audeo^ ausus smn, midere^ to dBixe; fido, 
fimis sum, fidere^ to trust; gaudeo, gavuus mm^ gaudere^ 
to rejoice; s6leo, solUus sum, solere, to be wont. 

A verb which has a passive termination, but is used with 
an active and passive sigiulication, is called as 

crirrmior, I accuse or I am accused. 

A desuiemtive Yerh is one in which a desire to do some- 
thing is expressed. Desideratives are formed from the supine 
by changing m into j%o; as cmm, I sup; cwtdatum^ cmmtu- 
rio, I desire to sup. They are ail of the Fourth Conjugation, 
and — except esiirio, to eat, which is regularly conju- 

gated; mdpartwrio, I bring forth, and rmpturio, I desire to 
be married, which have the perfect — they have neither per- 
fect nor supine. 

An mceptim verb expresses the beginning or continuing 
increase of the action or state denoted by the primitive; as 
caleo, I am warm, ; calesco, I grow warm. Inceptives are 
formed from the second person singular of the present indi- 
cative, by adding co; as caleo, cales, cdles-co. They are ail 
neuter and of the Third Conjugation. They want both per- 
fect and supine. Inceptives are likewise formed from nouns 
and adjectives; puerasco, immjmery a boy; dulcesco, from 
d'uleis, sweet. 

A fmjmntative verb implies a frequent repetition of an 
action, or an increase of the signification denoted by the 
priiiiitive; as clmuto, I cry frequently, from damo, I cry. 
Bb'cciueiitatives are formed from the supine, by the change of 
Mum into Uo in verbs of the First, and of um into o in verbs 
of the other Conjugations; cdm, canto, I am in the 

h|bit of singing. They are all of the First Conjugation, and 
end. in Uo, so, xo, and (when deponent) in or. 

Y erbs have two parts : (1) finite ; (2) infinite. 

(1) The verb finite has thi'ee moods: — 

1. The indicative mood; as dmo, rndneo, rego, audio. 

2. The subjunctive mood; as amem, moneam, rigam, 
mdmm. ■ 

3. The imperative mood; as (hnd, ’m6ne, rege, audh 

The indicative represents a state or action simply as a fact; 
as Imdo, I praise; laiiddr, I am praised. 

The subjunctive represents a state or action as possible, 
conceivable, or desirable; as opto ut xeniat, I wish that he 
may come. 

The imperative represents a state or action in the form of 
a command; as scrMU, write ye. 

The term mood implies technically, in Latin, a special form 
of thought, indicated by a certain variety of terminal suffix, 
by which what is expressed in the word shows that it is either 
a main or a subordinate idea, and therefore whether the sen- 
tence in which it has its place is a principal or a dependent 
one. Principal sentences convey a complete (indicative) mean- 
ing and can stand alone, while dependent sentences express 
only an imperfect sense, being employed to qualify or explain 
principal sentences, to which of course they must always be 
conjoined (subjunctive). 

(2) The verb infinite takes several forms, viz. 

1. The infinitive mood, wMch has several tense - forms, 
and consists of what might be called verbal nouns, used in 
all cases except the vocative. 

2. The four gerunds, \ Verbal nouns, which supply several 

3. The two supines, j cases to the infinitive. 

4. Two participles or verbal adjectives in each voice, one of 
which ends in dus, and is called the gerundive. 

The infinitive represents in the most general and indefinite 
manner the name of an action or state; as scnh^e, to write; 
scripsisse, to have written. 

The gerund, which, like the infinitive, expresses a state or 
action in a general way, is a verbal noun ending in ndum. 
It is used only in its oblique cases; as gen. dmandi, dat. 
dmando, acc. dmandum, abl. dmando. The place of the, 
nominative is supplied by the infinitive dmdre. This is 
shown fuUy in the subjoined examples: — nom. ddlere, griev- 
; big; gen. Mendi, of grieving; dat. dOlmdo, to grieving; acc. 
dGllre, grieving {ad ddlmdum, to grieve) ; abl 4l^lendo, )>g 
‘ grieving. . The accusative is doleoidum only when governed 
by a preposition. 

The supine, which may be classed among nouns^ so fiir at 
least as^ its form is concerned, is declinable, hut has only an 


accusative in um and an ablative in u; as emMtwm aiiO 
audltib. 

The participles are in form adjectives derived from verbs; 
but they retain the idea of time ^vliich is inliererit in the 
signification of a verb. A verb may have two |:artit*iv!eh in 
the active and two in the passive. Those in the active are th€ 
present, ending in for rJI genders, and the iiiture, ending 
in -iinis, -a, -um; the former represents the aetic»ii a.s in pro- 
gress, and the latter as abort t to take place: lov- 

ing; scrfptunis, about to write. Tiie iwo p<artidples of the 
passive are the past participle, ending in -rq aiuJ 
the gerundive, ending in -7idm, -nda, -ndit/fi; tat! former 
represents an action in a state of completioii, the iattc-r indi- 
cates tliat it is going on or must take plat-t ; audUos. 
heard; audiendm, to be licard. 

Verbs have also forms for the expressk^j tu tm.e. Time 
is either (1) simply present, past, or Intimt; or il ,2 pre- 
sent, past, or future with some further relation. Therefore 
tliere are six tense-forms: — 

(1) Three tenses of unfinished aetion, viz. present, iiupei’- 
feet, future (simple). 

(2) Three tenses of finished action, viz. perfect, p'iu|'*ertect, 
future perfect. 

The tenses may also be distinguished as either (1) absolute 
or (2) relative. 

Absolute, i.e. without menticii or implication of ntodifying 
circumstances; as present, dmo, I love; perfect, Cnudvi, I 
have loved; future, aod'ibo, I will love. 

Relative, i.e. depending on some other action; as imper- 
fect, dmabam, I was lo'ving, i.e. when something else hap- 
pened; perfect (when used as an aorist), Cimdd, I loved, Le. 
at some time wliidi I need not specify particularly; pluper- 
fect, cinimmnm, I had loved, when something else hap- 
pened; second future or future perfect, dmemro, I sliall have 
loved, i.e. when something else has happened. 

The present, the futures, and the present past {(mwM, I 
have loved) are called primary tenses; tlie imperfect, pluper- 
■fect, and perfect aorist {ammi, I loved) historic tenses. 

In each tense there are two numbers, singtiiar and plural, 
and in eacii number three persons, of whicli The gmrnmatlcal 
distinction is that the first ’person speaks; as mm, I love; 
arndmm, we love. The second person is spoken to; as umuB, 
thou lovest; amittis, ye love. The third person is spoken of; 
as amat, he loves; amant, they love. 

Such verbs as have different persons are called verbs per- 
sonal; as ego mno, I love; amm, thou lovest; ille amat, 
he loves. But such as do not take difierent persons, that is, 
are used in the third person .singular only, are called verbs 
impersonal; as ta’det, it irks; oportet, it belio^’es. 

The tenses are thus formed from the four principal parts, 
viz. (1) the present, ending in o; (2) the perfect, in i; (3) tb.e 
supine, in mn; and (4) the infinitive, in re; as present, ilmo; 
perfect, mnmi; supine, mndmm; infinitive, amure. 

They may be tabulated thus: — 


.io, dtua 
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To form the tenses of the passive voice from the active 
add r to o final, or change m final into r ; as active amaho, 
passive amdbor; active amem, passive amer. 

For the perfect passive and the tenses belonging to or 
formed from it use the passive participle and parts of the 
i^erb stim.. 

■ The imperative passive is- always the same as the infinitive 
ictive. 

OON.TTIOATION OP VERBS. 

Conjugation is the complete formal inflexion of a verb from 
its root, through the various relations of mood, tense, num- 
ber, and person. 

Verbs regular are such as are formed according to the gen- 
eral rules. 

The term irregular is applied to those verbs which depart 
from the rule in the formation of their perfect and supine, 
but more especially to those which, iil^e sum and its com- 
pounds, have something anomalous in their conjugation itself. 

The root-tense of the verb is the first person singular of 
the indicative ; as mmieo, rego, audio \ and the more im- 
portant tenses of the active voice, next to the root-tense, are 
three:-— 

(1 ) The present infinitive ; as dnidre^ mdmre, regere^ audlre. 

(2) The perfect indicative; as dmd%% mouui, read, audiuL 

(3) The active supine ; as arndtum^ mdnttum, rectum^ 
miditum.' 

These are usually arranged for practical use as follows; — 




Active Voice. 

Conj. 

Pres. 

Perf. Sup, 

Itijin. 

i. 

Amo, 

amavi, Smatum, 

Smare, to love. 

2. 

Mbneo, 

mdnui, rnSnitum, 

mdnere, to advise. 

3. 

Verto, 

verti, versum, 

vert^re, to turn. 

4. 

Audio, 

audivi, auditum, 

audire, to hear. 



Passive Voice. 

Conj, 

Pres. 

Perf. 

Infill, 

1. 

Amor, 

Smatus sum or fui, 

amari, to be loved. 

2. 

Mdneor, 

mSnittis sum or fui. 

moneri, to be advised. 

3. 

Vertor, 

versUs sum or fui, 

verti, to be turned. 

4. 

Audior, 

audittis sum or fui, 

audiri, to he heard. 


When these tenses are once known, all the others flow so 
naturally from them that it seems really needless to encumber 
the memory by a separate rule for each individual tense. The 
following rhyme has been composed as a help in remembering 
the mode of forming the tenses one from another: — 

From o are formed both am and ern; 

From i, ram^ rim, ro^ and ssem, 

Z7, us^ and rwif are formed from wn^ 

All other parts from re do come, 

As 6am, 6<>, rem, a, e, and 
With us and dus^ dum, do^ and dL 

The first person of the present of the indicative is called 
the theme or the root of the verb, because from it the other 
three principal parts are formed. 

The letters of a verb which always remain the same are 
called radical letters; as am in dm-o. The rest are called 
the termination; as dhdmus in dm-dhdmus. 

All the letters which come before -dre^ -ere^ -dfd, or -Ire of 
the infinitive are radical letters. By putting these before the 
terminations all the parts of any regular verb, except the 
compound tenses, may be readily formed. 

So far as regards the First, Second, and Fourth Conjuga- 
tions, little diflicuity can arise in knowing how the perfect 
and supine are formed, but in the Third considerable diffi- 
culty presents itself. For such special cases rules will be 
siibsequetitiy provided, but for the present the following gen- 
eral principles will be found suflicient for most ordinary pur- 
poses: — 

The perfect is formed in several ways— 

(1) By adding -ol to the root; as drndvl^Jievi. 

(2) By adding m (for vl) to the root (or the root without 
its final vovfel, wiiich is elided before or ab.sorbed into the 
termination); as monul. 

(3) By adding p to the verbal root; as carjpft^ man^. 

In this formation consonants are generally changed when 

VOXi- I. 


the terminal of the root is y, A, or qu^ into x; b becomes y? 
before d is either dropped, or, if it is retained, the s of si 
is omitted; duco, dnxi; rego, rexi; tralwy 
coxi; senboj scripd; daudo, dausi; defendo, defemi% &c. , 

(4) By prefixing a reduplication and adding I to the root. 

This reduplication is either the first consonant and vowel 

of the stem, as cucutt% mdmordi; or the first consonant 
with e, in which case the root- vowel is usually cliaiiged, as 
ceemK^xom ednd), 

(5) By adding I to the root, with or without change of the 
root-vowel; as Mbi, writ, egl (from dgo)^fdvl {ixomfmB}. 

The supine is formed — 

(1) By adding turn (sometimes i-tum) to the root, and a 
change of letters often takes place by elision or contraction,; 
as amdtum^ cultum, rectum^ mfm-i-twm. 

(2) The change of letters often requires turn to become mm. 

The personal pronouns, wliich are for the most part added 

to the verb in English, are in Latin commonly understood; 
because in the latter the several persons are sufficiently dis- 
tinguished from each other by the different terminations of 
the verb, though the personal pronouns themselves be not 
expressed The learner ought, however, at first to accustom 
himself to join them with the verb; thus, ego sum^ I am; tu 
es, thou art or you are; ille est, he is; nos smvus, we are, &c. 
So ego amo^ I love; tu amas, thoulovest; Ull ama^it^ they love. 

In the second person singular the English commonly use 
the plural form, except in solemn discourse; e.g. tu es, thou 
art, is much oftener expressed you are; similarly tu eraSy thou 
wast or you were; tu sls^ thou mayst be or you may be; As 
or esto tit, be thou or be (ye) you, &c. 

The verb esse is called a substantive verb because it is the 
most general verb used to express existence, and it receives 
the name of an auxiliary verb because it is employed in the 
formation of the tenses of other verbs. It is also classed as 
an irregular verb, on account of its being made up of differ- 
ent roots: (1) es-um^ Gi*eek g/^/, Sanskrit aa-m, indica- 
tive of continuance in being; and (2) /a, G-reek Sanskrit 
hhH, denoting coming into being. 

. Indicative Mood. 


FKESENT TENSE. 



Singular, 

Plural. 

1. Stei, 

/ am. 

1. StimUs, ' we art. 

2. Es, 

thou art. 

2. Estls. ' gou are , , 

3. Est, 

he is. 

3. Sunt, theg are. 


FAST (IMPEEFECT) TENSE. . 


Singular. 

Plural. 

1. Eram, 

I was. 

1. ErimUs, we were, 

2. Eras. 

thou wasi.. 

2. Eratis, you were. 

3. ErSt, 

he 'was. 

3. Erant, they were. 


BmTURE 

TENSE. 


Singtilar. 

Plural. 

1, Ero, 

I shall or will be. 

1. Erimils, we shall or 'will be. 

t, Eris, 

thou shalt or wilt be. 

2. Eritis, you shall or will he. 

3. Erit, 

he shall or 'will be. 

3. Erunt, they shall or will be. 


PERFECT TENSE. 


Singular. 

Plural. ■ ■ , 

1. Fui, 

I have been. 

1. Fiiimiis, we Aai’e 

2. Fuisti, 

thou hast been. 

2, Fnistls, 'you ham been. 

3. Fuit, 

he has been. 

3, Fnenintorfuere,fAeyAare been 


' FAST (perfect) ' TENSE. ■ 


Singular. 

' Plural. 

1. FuSram, / Aad 6ee». 

1. Fiieramfis, we had been. 

2. Fueras, 

thou hadst been. 

2. FuSxatis, you had been. 

3. Fugrat, 

he had been. 

3. FuSrant. they had been 


' FUTURE (perfect) TENSE. ' , . . 


Singular. 

1 ' ■ Plural. 

1. Fuero, 

T shall or 'will ha've 

1 1. Fuermras, - shall or wUi 


■ Oeen. 

; ha've been. 

2. FuSris, 

thou shalt or 'wUt have | 2. Fueritls. lum shall or will 


been. 

; have been. 

a. Fuerit, 

ht shall or 'wUl have 

1 3. Fuermt, they shall or will 


bean. 

i have been 


41—42 


Present 

Perfect. 

Supine. 

^ Infinitive. 
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SuBJUNCTiTE Mood. 


1. Sim, 

2. Sis, 
S. Sit, 


PBESENT TENSE. 

Singular, I 

/ may he. 
thou mayst he. 
he ■may he. 


1. Siiuiis, 

2. Sitis, . 

3. Siax, 


. Plural, 
we may he. 
you may he, 
fjiey may he. 


PAST (IMFEKFECT) TENSE. 


' Singular. 

1. Issem or forem, I might be. 

2. Essgs or fores, thou ?mghtst he, 

3. EssSt or foriSt, he might he. 


Plural, 

1. EssemiSs or foremns, we might 

be. 

2. Essetis or foretis, you might he. 
S. Essent or forent, they might he. 


PERFECT TENSB. 

Singular, j Plural, 

1. Fii&iin, I may have been. ! 1. Fugrimtis, we may have been. 

% FuSris, thou mayst, have been. 1 2. FuSritis, you may ham been. 

Z. FnSrlt, he may ham been. i 3. Fugrint, they 7my have been, 

PAST (perfect) tense. 

Singular. j Plural. 

1. Fuissem, I might ham been. ^ 1. Fuissemtls, we anight him been, j 

2, Fmsses, thounvigntsthamheeii. ^ 2. Fuissetis, might ham been. 

S. FniseSt, he might have been, 3. Ftdssent;, they might have been. 

Impekati^'p: Mood. 

PRESENT TENSE. 

Singulavr, Plural, 

2. Es, 6e, be thou, or do than he, i 2. Estg, be, he ye or yo7i, do ye be. 

* FUTDRE TENSE. 

Singtilar. i Plural. 

2. Esto, thou shalt be. i 2. EstStS, ye or you shall be. 

3. Esto, he shall be or let hmn he. 3. Sunto, they shall he, let thembe. 

Infinitive Mood. 


PRESENT TENSE. 

to he. 


Esse, 


FUTURE TENSE. 

Fore (indecl.) or fiitur-tis, -a, 
-um esse, to he about to be. 


I PERFECT TENSE. 

' FiiissS, to have been. 

FUTURE PARTICIPLE. 

\ Ftitur-iis. -a, -um, about to be. 


The verb esse has neither gerunds nor supines. 
The compounds of the verb s'wm are— 


Absuin, 

abfm, 

abesse. 

I am absent. 

Adaum, 

adfui. 

adesse, 

I am present, J stand by. 

Desum, 

defui, 

deessft. 

I am wanting. 

Insum, 

infui, 

inesse, 

I a7)i in or at a place. 

Intersum, 

interfui, 

interesse. 

I am among. 

Obsum, 

obfui, 

praefui, 

obesse. 

I am in the 7vay, am huiHful to. 

Pnesum, 

prseesse. 

I am at the head of. 

PrGsum, 

profui, 

prodesse. 

I a7n usejul, / do good,. 

Subsum, 

Supersnm, 

aubfui, 

superfui, 

subesse, 

1 am under. 

superesse. 

I remain o ver, 1 survive. 


These are all conjugated like m73ij only tliat pro-sum takes 
d before the persons of the verb sum which begin with e; as 
pres, ind, prod-is^ prod-est, &c. 

Only aosmu, possum^ and^rcpswm have present participles, 
vLz. ahsem, absent, powerful, prcesens, j^resent. 

Fossumy I am able, I can, is composed of pdtzs, pdte^ able, 
and mm; by dropping the termination of pdiis and assimi- 
lating t into s when it comes before s, we obtain potmirt^ 
posmm. It therefore follows the conjugation of mm in its 
terminations, but the consonants t, s, and / are liable to 
modification or changes for euphony, by syncope, and by 
contraction when they come together. Hence it will be 
advisable to set Possum forth at length. 


Indicative Mood. 


PRESENT TENSE. 


Possum, 

Possiimus, 


PStSram, 

PgtSrSmus, 


potSs, 

potgstis. 


potest, 

possunt. 


I can, (^c , , 
We can, 


IMPERFECT TENSE, 


- p5t§rSs, 
potSratas, 


potgrat, 

potgrantv 


i cmid, ^c. 
We could, , 


PStgro, 

Pfttednros, 


PGtm, 

PGtuimus, 


PGtngram, 

Potugri,riiiis. 


PStuGro, 

Potueriniiis, 


Possiro, 

Possiiiiils, 


Possem, 

PoasemUs. 


PGtuerim, 

P&tiueriiiius, 


PStuissem, 

PGtui.ssemUs, 


FUTURE TENSE. 

pGtSris. pGtgrii, 

pGtSiitis, pGtt'iniJit. 


{ i-Ti/Si or rrSf be able, <fc, 
IPti ehar. or idll he abk. t^c. 


: ffbie^ f.'ro. 
'.'t’ro. a bit', i)'G, 


PERi-'Kiri TKXH'IU 
pStnisti, potuit. / Ub 

pStiiistis. eru: : t . ; v.v.:. 5 !• ‘t- 

PLI!CI<U-1M'’.CT TEX.S'K. 

pOtueras, potueriit. ./ had tjeen aldie, 

phtugratis. potiiGrimt, had htieu ahle, ilV 

FUTURE PbrUVRCT TENSE. 
pStiiGris, potuerk, / shall hare hecn ahit. (fc, 

pStiiSritis, rc itiierint, # I '<.! shall have been abk. kc, 

SUB.H NCTlVi: SIooD. 

I'KIISENT Tia.SE. 

possis, poasit, 1 7nay be able. 
possitis, possiiR,. P-e may be aba\ ifc, 

i:m.fbkf,ect tense. 
posses, possSt, ./ should be able, iya. 

r»o.s.setift, uossent. 


V- should he abh . a'x*. 


ens, 

gritis, 


isses. 

is.seti&. 


PEKFIiC'l’ TENSE. 

Srit, I have or 7my hare been 

FPe hare or 7Miy have been uhfe, cV^J* 


int, 

PLUf 

issgi 


£RFECT TENSE. 


1 7nlghi have been able. cU.-, 
We 77ugkt hare been abk, Pi*c. 


issent, 

(No Imfekativk iMooD.) 

Infinitive Mood. 

PRESENT and imperfect. j PERFECT and pluperfect. 

Posse, to be able. i PGtiiisse, to have been able. 

Participle. 

(P6tens has becomt? an adjective, meaning powerful. ; 

Fosmm Ims neither gerunds nor supines. 

The Student ought very carefully to commit the entire verb 
sum to memory. It comes into very frequent use, ex])res.seti 
or understood; but besides this it forms in a great iueasure 
a mnemonic for the terminal syllables of the regular conjuga- 
tions of Latin verbs; e.g . — 

Am, us, at, tiirius. iitis, ant gi%'e a key to the tinals of the impf. indk. 
I, isti, it, imds, istia. erunt or ere ‘‘ [(crfect. 

Erarn, eras, Grat, erauius, Gratis, Grant “ ‘‘ pluperfect. 

0, Is, It, imns, itis, urit ** future. 

Ero, eris, erit, erinms, iritis, erin: “ future perfect. 

Em, Ob, Gt, einUs, etis, cut “ impf. subj. 

£lnin, Gris, Grit, GriuiUs, Gritis, ‘‘ perieet. 

Issem, isses, issGt, i.ssemiis, issGtls, issent plujserfect, 

To, te or tote, uto “ imrierative. 

We are now — having got a verb we can use— able to 
acquire the power of employing Latin words in 

SENTENCE-BUILDING OE COiaPOSlTIuN, 

Every sentence consists of twm parts, (1) tiie subject, ami 
(2) the predicate; as Inertia vXttum est^ Indolence is a vice. 

The subject is that of which anytliing is said, Le. affirmed 
or denied; as D^Iis est., God is, God exists, there is a God. 

The predicate is that wdiich is said, i.e. affi.rmed or denied 
of the subject; as Arhores vlrent,, The trees are green. 

The subject appears as a noun, or a pronoun, adjective, 
phrase or part of a sentence used for or representing a noun; 
as Rdsa pvlchra est^ Tlie rose is beautiful; Tu nihil. 

Thou liast said nothing; Bonus semper hedtus est, A good 
(man) is always happy. 

The predicate ahvays appear.s as a verb, either expressed or 
understood, and with or without eompiementary adjuncts; a.s 
Tempus ritm magister esi^ Time is the lord of life; Fortes 
fortmm adjfwat, Fortune helps the brave. 

The subject of a verb is naturally in the nominative case; 
as Leo est animal^ The lion is an animal. 

A verb a^ees in number, person, and (where necessary^ 
gender with its nominative; as Vestl Sr at indutm taldn. He 
wore a garment down to his ankle. 
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The following s'enlences are formed in agreement with the 
first concord, viz. 

■ I.. An adjective agrees with' a substantive in number, gen- 
der, and. case — 


OSUs est sanctUs, 

God is hohj. ’ 

TerrS est rStimdS, 

The earth is round. 

Mel est dnlcS, ,, 

' Honey is sweet. 

HbrnmSs sunt mortElSs, 

Men are mortal, 

FSmin® sunt formSssa, 

Women are handsome. 

MSi’iSi sunt pr&fund^, 

Seas are deep . . . 

OpSrS. sunt ingenti&, ,• 

The works are extensive. 

MensS. est magnS., 

The table is large. 

Scutum magnum est, 

The shield is large. 

Liber me& parvus est, 

My book is small. 

Mens^ non parvae sunt sed magnse, 
The tables are not small hut large. 

arbbrSs sunt vStnstissimfie, 
These trees are very old. 

Lfic est bbnnm, 

Milk is good. 

LSo vaecse album est, 

The milk of the cow is white. 
PantbSra3 et leonSs f&se sunt, 
Panthers and lions are wild beasts. 
VSrS amicitiS est sempiternS, 
True friendship is everlasting. 


Maximus animSii terrestrS est 
elepli&, 

The elephant is the greatest land 
animal. 

Stellse pulcbr® sunt, 

The stars are beautiful. 

Agricblse laborios! sunt, 

The husbandmen are laborious. 
Payones snperbi snnt, 

Peacocks are proud. 

Agii fertiles sunt, 

The fields are fertile, 

Palmse iiSblles sunt, 

The palms are noble. 

Fructus matiiri sunt, 

The fruits are ripe. 

Rex et regina sunt beatl, 

The king and gueen are happy. 
Laus et impSrium sunt bbnS,, 
Praise andpower are good things. 

salsnm est, 

The sea is salt. 

Cornu cnrvnm est, 

The horn is crooked. 

Glades InbricS est, 

The ice is slippery. 

Apis sedtQa est, 

The bee is industrious, 

Vir doctiis est, 

The man is learned. 

RgginS pbtens est, 

The queen is powerful. 


li. The second law of concord ivS that substantives signi- 
fying the same thing agree in case. To this we must add, as 
explanatory of the principle of construction in the following 
sentences, that the verb esse has the same case after it that it 
has before it; that nouns which thus agree in case are said 
to be put in apposition to one another: — 

Ferrum, plumbum, anrum, argen- Sarah uxor Abrabami fuit, 
turn sunt metaila, Sarah was Ahra.ha7ii\s wife. 

Iron^ lead<i gold (and') silver are MS.riamS, sorer Aarbni fuit, 
metals. Miriam was Aaron’s sister. 

Fibs pnlcher rbsS, est, Plurimae! stellse sunt sblSs, 

The rose is a beautiful fiower. Very many star.s are suns. 
Lignum donum est, Apri non cervi smit, 

The wood is a gift. Boars are not stags. 

Belgse sunt agricBlm, AristotelgsmagnusphilSsbphusfuit 

The. Belgiatis are husbandmen. Aristotle was a gi'eat philosopher. 

S51 est lux mundi, Xerxes Gracise rex non fuit, 

The smi is the light of the world, Xerxes was not king of Greece. 
A-lfred Britannia Magnse rex op- Roma fuit urbs maxima, 
timiJs fuit, Rome was a very large dty. 

Alfred was a very excellent king Troja erat urbs Asise, 
of Great Britain. T^'oy was a city of Asia. 

Macbeth Scotorum rex pessimils EuropS, est peninshlS., 
fnit. Europe is a peninsula.. 

Macbeth.^ king of the Boots., was Britannia est instllb., 
very wicked. Britain is an island. 

Alexander rex MSebdoniee fuit, Australia Britanuies Magnse cb- 

.4 lexander was king of' Macedonia. IdniS, est, 

Ev^ uxor Adam! fuit, Australia is a colony of Great 

Eve was Adanis wife. Britain. 


Ill, Esse is idiomatically used with a dative case after it i 
as an equivalent for the English to have, belong; as Non idem 
semper JldHhm cdl6r est, JXot the same colour alway is to the 
dowers — Flowers have not always the same colour; Malevento 
mmc Benevento est nomen, Maleventum has now the name 
Beneventum. 

Br. John Bay GoUis has collected the following concise 
illustrations of this rule: — 

Mihi, tibi, ei, ilH, nSbis, vobis, iis, Quibus est liber or sunt libri ? 

illis est liber or sunt libri, Who has a hook or books f 
f, tho7L. he, that person, we, you, Cui brit liber ? 
thev. tho.se have a book or books. Who will have a book ? 




Mihi, &c., brS.t liber or erant libri. 

I, ^'c,, have a book or books. 

Nemini est liber; hSmlnl sunt 
libri, 

Nobody has a book or books. 

Pbrenribus meis brant liber, 

Aly parents had a hook. 

PSrentibhs meis erant, fnerunt, 
erunt libri, 

My parents had, hare had, will 
have books. 

Non essent illis libn, 

They can have no books. 

lit pStri meo sit liber or sint 
libri, 

That my father may ham a book 
or books. 

Quibiis fubrunt libri ? 

Who have had books ? 


Cui brunt iihri ? 

M-7o'> will ham honks 1 
Poetis evil lihcj;. 

The. poets will hare a hook. 

Poet® w-unt libri, 

The poet will have hnotrs. 

Non erit poetis liber. 

Thepmets will not have, a kook. 
Sit tibi liber; sint txbi Iihri. 

You may ham a book ; yrm nary 
have books, . 

Est mibi pater, mater, f rater, 
avfis, avnnehlfls, oepos, ilx5r, 
filiiis, filia, equn.s, bos, tauriSs. 
• vaccS, qnadrigfi, 

I have a father, amnther, a brofhesr, 
a sister, a grandjather .an unrle, 
amphe.w, a wije. a son, a dmigh' 
Ur, a horse, a bull, a eov), a car- 
riage, 4'€.' 


It will be found exceedingly advantageous to form similar 
sentences, which may be easily done by the interchange of 
the nouns used in one sentence with those of another, 
observing always (1) that good sense is maintained, and (2) 
that the grammatical structure of the sentences is retained. 
Plural sentences may easily be made singular and singular 
ones plural. 


PHYSIOLOGY.— CHAPTEE Y. 

SENSATION AND PERCEPTION — THE NERVOUS SYSTEM — 
CEEEBEO-SPINAIi — GANQEIONIO^ — NERVOUS TISSUE — 
NERVOUS ACTION. 

The whole of the bodily organs of man may be divided into 
two great classes: (1) those by which he is nourished and 
grows and reproduces his kind; and (2) those by wMcb he 
perceives the world, and the outward order of things external 
to him, and reacts upon them. This division of man^s 
organization has been found to answer all practical physio- 
logical purposes. It enables us to explain how the first set 
of organs are chiefly occupied with merely building up the 
frame of the body, and have therefore been called organic, 
while the other, or second set of organs, have been called 
animal. Thus we have (1) organs of organic life, and (2) 
organs of animal life. The first division includes the organs 


1. Of prehension, . 

2. Of mastication, 

3. Of insalivation, 

4. Of deglutition, . 

5. Of digestion in its widest 
I (chylopoesis ) . 


, The lips. 

, The teeth. 

, The salivary glands. 

IThe cavity of the tlmoat called 
4 thepharynx, leadingdirectly 
[ into the gullet 
The stomach, small and large 
intestines, &c. 


*7. Of absorption, .... The lacteal vessels. 

8. Of circulation of the ab-'i 

sorbed nourishing ma- [ The veins, the arteries, the 
terial, i.e. the chyle j heart, 
and blood, . . . .J 

TThe organs included in divi- 

9. Of nutrition, . . . . sions 6, 7, and 8, and the 

t absorbents. 


These organs construct the animal frame, but they do not 
quite complete the man. That implies the organs of the 
senses, and of spontaneous motion from place to place; of 
perceplaon, of reflection or thought. These organs and their 
functions are the means by which the animal frame is enabled 
to avoid what is hurtful to it, and to approach and seek what 
is calculated to give it pleasure. They include the organs of 
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voice and speech, and tliis second division may be arranged 
as incliKling the organs 

fTIie iBstruments of the senses: 
sldn, tongue, nose, eyes, 
ears, and the nerves lead- ; 
ing from these to the brain : 
and spinal marrow. ! 


i. Of sensation, 


2. Of consciousness, percep- { . i 

tion, and ratiocination, ( 

3 . Of reflex action, . . . The spinal cord. 

4 . Of muscular action — J The muscles and certain 

(1) With consciousness, nerves. 

i Certain muscles, with the 

( 2 ) Without consciousness, | supplying them. 

6 . Of voice, The kr}mx, kc. 


\ Gray matter is the treasury of nervous force, and the ineu- : 
i lated and eontiniioiis 'wliite fibrous matter is the coiiduetor, 
luind distributor of it. Conduction is tiireefold — (1) of sen- 
I sation; (2) of voluntary motion; and (3) of reflex action. ■ It 
’ proceeds betwieii a ctulrc and an exiremiiy. Tiii «*rnans of 
sensation ai*e eitJier (1.) tlie nervous system, or (;2) the seats erf 
the special senses. Every oi'gaii of sense ii!r|„ilieis. two .facts, 
(1) a sensory rece|.:iniele foj’ receiving imiiressioiis, and (2) an 
arrangement by wMch a co~o|:)erative action and reaeiicm may 
be established between them and some ceiitre for tiie elabor- 
ation and use of these intiinatioiis of a Ciia.nge of state. Tlie 
nervous system .has for its special .function the conveyance'', 
and coaversioii of sensory ii.npressic«',is. 

The special property of a rie.rv'e-fibre or of a nerve is that 
it may be ir.i.ita'fced.'Or excited, and W'lieii this occurs 'seme" 
Idnd of eliunge is transmitkd along the iicrve. Tijc^ nervi* 
Motion is either automatic, voluntary, or reflex. The i is said to be and Ihey.hange seijt along 

movement or change of the position of any part of the body i it is atlled tim Hu'ir-jhrtr. This nejuvha'ce traviT 
is motion, that of the whole body is locomotion. Partial ; tlie fibres witli a velc-city of ahunt so u-ct p’-r isi void- 

or tofeil movement is in the human body performed by ; blooded aiiiriials, siicli as the frog, as'id atjoiit ic'et per 
certain organs, e.ff. cells, wdiich exhibit anueboid or alter- j second in man and other warm-blooded cri'atsiivs. A nerve 
nating motion; cilia, whose motion is wavy; and muscles, | may be irritated in many ways, such as l)y ttaul'i or pres.snre, 
which, by their elastic contraction and expansion, not only i by eieetiicity, or by the chemical action on it of man}' sub- 
change the position of parts of the body, but alter the body’s i stances, as, for example, common salt; biit in whatever way 
position i.ii space. Muscular fibre is only an agent in motion. :■ it may be irritated, some change is .sent along it Us ter- 
Into it there seems to grow and be lost those soft white deli- !; miiiation, and what thru occurs depm-ds ui ll.e appamtus or 
cate ijords of nervous tissue, which are minutely distributed | structure at the end of the nerve. Thus, if the nerve end 
over all tl.ie organs of the body which receive sensations and j in a muscle tlie result wiil be contraction of ihe muscle; if in 
transiidt motor-power as the occasion of muscular movements. ; a gland, secretion; if in a bloodvessel, change in the calilwe 
Sensory nerves, motor nerves, and the central organs or chief | of the vessel; if in tlie bi’aiii, consciousness or feeling of some 
seat of imierGatmi constitute the system. (See Plate | kind, such as lieat or pain, or touch, or taste, or smell, or 

X.)' This constitutes the link between animal function and | light, or sound; and if, as in a few fishe*, in an electric organ, 
m.ental action. The n.ervous system conditions external sen- ; there will be an electric disciiarge. Xerves that convey im- 


sation and internal feeling, induces and regulates almost all 
the automatic and involuntary motions in the body, as well as 
all the voluntary motions of it, and exerts an imlireet in- 
fluence, winch is in a great measure reciprocal, on all the 
bodily functions. 

Xerves consist of primitive nerm-fibre. When a hit of 
nerve connected with the brain or spinal cord is examined 
microscopically, it is found to consist of minute fibres varyii 


! pressions iiiwarils to the centres are called sensory nerves; 

: whilst those that carry impressions oiitwartls are cafled -wotiw, 

; if they go to muscles; secretory, if they go to glands; and 
I tmso-moior, if they end in bloocivessels. 

I The terminal organs are structures in the senses adapted 
i to receive special kinds of stimnli. Such are the retkri or 
(nervous tunic in the eyeball, connected by the optii; nerve 
t with the brain, and specially susceptible to vibi'ati(.aiH of 


in diameter from the - 5 -^-^ to the [ %ht; the arrangements for tlie rece|ttioii oi suuml wuves in 

4 in Plate X.) Each nerve-fibre consists of three parts — ( 1 ) | the ear, for sapid substances in the Imrjno, for odoroiis 
an' externa! sheath; ( 2 ) within this the med.ull.ary -sheath or j matters in tlie nose, and for contact dr funcli in the skin, 
white s'ubsta'nce;. and (3) in the centre a' delicate fibre. (See i It matters not how these terminal arraiigeauMits t>r the 
description on Plate.) In the nems of the sympiithetic I I'lerves connected witli tliem, be .stiiiiulattri, tlie result is 
system the fibres have no wdiite substance or external sheath. 1 always tiie .•^ame. Thus, wmetluu* the optic oe^ac be dimu- 


If the central portion of a nerve-fibre be traced to the brain 
or s|)inal cord, or indeed to any nerve-centre, it is found to 
end in tlie process or pole of a nerve-ceil, wdiile in the outer 
parts of the body it is found to end in muscle, bloodvessel, 
gland, vskin, or sense organ. The fibres in a nerve are bound 
togetlio.r by delicate tissue, and the structure may not be inaptly 
compared to that of a telegrapliic cable containing numerous 
wires, Eacli original nerve-fibre is imiuterriiptedly continuous 
from its central extremity to its tenuination in a tissue or an 
organ. Sacli filament or trunk of nervous matter possesses its 
own distinct power as a peculiar endowment independently of 
the others bound up in the same band with it, and this indi- 
viduality of each primary nerve-tubule is preserved throughout 
its whole course. This single power it exercises and cannot 
transfer, nor can another be substituted for it. If its original 
powder and ofiice is to convey sensation, that it will caixy, and 
nothing else ; if motor-force is its property throughout the entire 
length of its continuous tract, motion will be transmitted from 
dynamic centre to utmost extremity, provided it is normal 
and uninjured. On stimulating a healthy motor nerve in any 
part of its course muscular contractility is excited, and if we 
stimulate a sensitive nerve a |>ainfui or pleasant sensation 
will be excited, according to the stimulant employed. The 
other essential constituent of the nervous system is various 
minute bodies called nerve-^cells. They may be spherical, 
ovoidal, or irregularly triangular (see fig. 5 , Plat^ X.), and 
they are bound together by connective tissue, bloodvessels, 
and nerve-fibres, so as to form the matter seen on 
' eutring into the biain or spinal cord. The white matter of 
these great centres consists of delicate aerve-fibrCs. 


lated by the action of light on the reiinii of the or liy 
pricking, cutting, pinching, or irritared l>y electricity, the 
result is not pain, but a sei.salic!; of ligist or of colour, tlie 
reason being tliar. when the message f^arrio,! by that par- 
ticular nerve rcaciics the ovain, it always arf^a^e^ the ajsprO" 
priate mode of consciousness, tiiat of light, l.'he Mime law 
holds good of ail terminal {>rgans .nudof \ hv uervtcs couriected 
with them. There are also terminal anrmgemcnts whaue tlie 
nerves end in muscles, or in glaiab.^ or in vc^seh, or in 
electrical organs, and they a.re specially fitted for strftiiig 
these various mechanisms in action. 

The apiparatus of sensation and motion--ihe m‘rvous 
system — consists of two nerve-centres and two sets of 
nerves, along wdfich there continually ply aflerent and 
efferent messages. The cerehm-sjmial and the synqiat.hetic 
systems, though intimately related, are perhaps ulost advan- 
tageously studied apart. The former comprise the agencies 
of animal, the latter of organic life. The cerebro- spinal 
system (as its name imports) consists of ( 1 ’. the brain, ami 
( 2 ) the spinal cord. Each of these di.stributes through the 
tissues of the body a series of nerves wiiose results are 
shown in sensation, leading to volition and action. The 
sympathetic — also called %lm ganglionic — system, consists of 
a chain of ganglia, i.e. masses of nerve-cells, extending from 
the skull to the pelvis on each side of the spinal colutun, 
and connected, mass with ma.s.s, by nervous cords. Thence 
there proceed ganglionated nerves to the viscera and the 
bloodvessels, wMeh have their place in the chest, abdomen, 
and pelvis. These regulate the functions of digestion, circu- 
lation, and respiration. This system, in its entire comtsass, 
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Fig.l. BRAIN & CERE'BRAL NERVES 


a . Anterior lohe. qf cerebrum., 
b. Middle do. 

C. Posterior do. 

d. C&rebeUjijrt . 

e. Spinal cord. 

;f. licurid qf fibres, 
g. Optic, lobes . 

2, Olfojctory nerve. 

- 2. Optic do. 

3. Tided pair. 

P. Tourth do. 

5.3.3, FLfdh do. 

0. Sixth, do. 

7. Facidi^ do. 

8. Audi-torp jurve. . 

9. diosso-pharycteal nerve. 
JO. Tn.mmo-c/astrfAr do. 

11. Pypo~glt‘SSal nerve. 

12. Spinal accessory do. 

13. dpinal nerve. 

24. do. 
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BRAIN. SPlNAt CORD & NERVE 


a . Cerebrwri . 
b . Cerehelhan . 
c . c . Spinal, corcl . 

(1. PaciaZ nen,>e. 

& . BT'aehlal. plexus, 
jf. Median nerve, 
g .. 'Ulnar nerve. 

/t. CuZaneoiLS ner?/e. 
i. Radial nerve . 

J . Intercostal nerves. 
It, lurribrtr plexus. 

I, Sacral plexus. 

7}i. Tibial nerves. 

n. lilmlar nerves. 

o. Soph mans nerves. 
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f'ea;— c» ordinary-sized nerve-tube, showing axis 
;er surrounded by white substance; d, smaller 
ifcube, with white substance scarcely visible ; e, still 
ir, with no white substiince visible; /, varicose nerve- 
firom gray matter near surface of brain ; a, nerve- 
Esoloured by peroamic acid, showing one of the nodes 
tvier.^ orcom^tlete interruption of the axis cylinder; 
re-tube showing nucleus and node of lianvier (the' 
Vlinder is blackened by the action of the perosmic 

ft. Tmn-Tttttdnnn.'hftrl nAVVA.t.nTiiaa frf*m c-0"mii«\f.1-in-H.i 







■a. Brain.- 

\d. lobes if bra.iri. 

&. MedoMa- oblongata. . 
f\ Spinal, cord, 
g. BracMal plexus. 

7i. livrdbar do. 

It. Sacral do. 

1. Olfactory nerve. 

2. Optic dc. 

3. Third nerve. 

15 . Cervical nerves. 

16. ’ do. 

25. Borsal nejn/es. 

'i3 . Lumbar do. 
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Fia.3. COURSE of principal mfrvfs 


Various forms of nerve-cells~a, mtiliipolcLi\ from gr 
matter of spinal cord; b, d, bipolar, from ganglia r 
posterior roots of spinal nerves; c, g, unipolar, fre 
ccrebell um ; g shows indications of a process coming ofif 
lower end; e, union of three multipolar colls in sphS 
cord ; /, union of three cells in erav matter of bram. ■ 
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includes the ganglia (1) of the great sympathetic nerve, (2) of 
the posterior roots of the spinal nerves, (3) of several cerebral 
nerves, (4) of several in the substance of some organs, and 
(5) of their communicating branches. The structure of all 
these ganglia is essential!}^ the same, that is, they are aD. 
composed of vesicular and tubular neurine ; but the, fibrous 
portions of the ganglia are more peculiar than the vesicular 
parts. The gray matter appears in smaller vesicles in the 
ganglionic tlrnn in the cerebro-spinai system, and the fibres 
of the sympathetic system are besides smaller, softer, more 
transparent, darker in colour, and more uniform in material 
contents. One distinguishing' feature of the nerves of the 
cerehro-spinal system is that of their ■ pearly opaque white- 
ness. The cerebro-spinai axis consists of a central cord of 
whitish-gray colour, inclosed in a canal formed for its recep- 
tion by the triangular arches, interlocked one with another, 
of the vertebral column. This cord is commonly known, as 
the spinal marrow. It expands above into the brain, and 
gives out from its sides numerous branches of nervine tissue. 



Pig. I. — Diagram of an Ideal or Typical Brain. 1, olfactory lofees; 2, 
cerebrum; 3, corpus striatum; 4, optic thalamus; 6, optic lobe; 6, cere- 
bellum; 7, pons Varolii; 8, medulla oblongata; 9, spinal cord. The dotted 
curve indicates the. possible development of the cerebral lobes. 

We present above a very simple illustrative diagram of a 
typical brain, such as exists in most vertebrates, but reaches 
its highest development in man. 

The brain is a large mass of nervous matter convoluted within 
the wide rounded space of the cavity of the skull It is a soft 
delicate organ of oval outline, and of a waxy-iooking whitish- 
gray coloured mass, the surface of wiiich is curiously grooved 
and folded with almost labyrinthine intricacy. The upper 
structure, the true brain or cerebrum^ is divided by a deep 
central groove or fissure, passing from front to back, into two 
portions, called cerebral hemispheres, and each of these is 
regarded as having a cross-division into front, middle, and hind 
lobes. (Fig. 1, .Plate X., represeots one of these hemispheres, 
the brain being bisected tlirough the central fissure.) In the 
position, size, and form of these lobes perfect regularity ob- 
tains. Each possesses its own distinctive anatomical character. 
Vfitliin its brain -case the nervous matter is enveloped in three 
membranes, one within the other — (1) the outer, strongest, 
and least vascular one, called the dura mater; (2) the mid^e, 
epithelic, arachnoid spiderweb-like) membrane, with its 
specific fluid secretion; and (3) the inner, and most delicate 
of all, the pia mater, which is most abundantly supplied 
with bloodvessels for the nourishment of the brain. 

These investing membranes dip down into and between the 
most minute convolutions, windings, and fissures of the brain, 
and form the internal lining of the various ventricles and 
other cavities which occur in it. The external covering 
{d7ira mater) of the brain is thick and strong, and it gives off 
certain dense processes which enter between the main divi- 
sions of the brain, and partition them off one from another. 
These are (1) the faLv, i.e. sickle or scythe, which extends 
between the cerebral hemispheres, steadies them, and pre- 
vents their contents from pressing upon one another when 
the h^d is, during sleep, &c., laid on one side; (2) the 
tmtorium, which forms a tent-like covering for the cere- 


bellum; and (3) the false minor, whicb 'has itS' place, between 
the lobes of the cerebral hemisphere. These admirable con- 
trivances for compacting, protecting, and nourisliiiig the 
tender masses of the brain have very important offices 
assigned to them .in the encephalon or brain-mass. The 
principal distinct masses of the entire encephalon are (1) the 
cerehrurn, (2) the cerebellum, and (3) the medulla oblongata, 

. , 1. ' The cerehrurn, or brain proper (figs. 2, 3), occupies the 
whole of the superior part of the upper cavity of the skull Its 
convolutions, which fill up the front part of the brain-cauSe 
completely, and overlap the cerebellum at the occiput, have 
a crushed or crumpled-up appearance. Each hemisphere is 
oval in sha,pe, almost like an egg cut into two halves length- 
wise, and separated from each other by the falx. T.he miter 
surface of the cerebrum consists, of gray matter, which coverg 
in the white neurine of , the interior. Tills interior, matter 
is on its under surface separated by transverse furrows into 
lobes. Each of its convolutions consists of a centre of white 
matter, with gray matter all round it. Tiie cerebral hemi- 
spheres are those portions of the brain in which the highest 
and best work of the nervous system is performed, where 
sensation is perfected into perception and brought under the 
cognition of the mind. 

2. The eerebellmn (ie. the little arain) occupies a space 
expressly formed for it by the hollow of the occipital bone. 
Over it the cerebrum passes, resting on the tentorium, under 
which, as a vaulted roof, the cerebellum is safe from, pres- 
sure. It consists primarily of a vermiform process, and of two 
l^rge lateral hemispheres. The external surface of the cere- 
bellum is not, like that of the cerebrum, convoluted, but 
neatly folded in laminae or thin plates, so that the largest 
possible amount of dynamic neurine may be packed within it 
in the smallest space. 

3. The medulla oblongata gets its name from its oblong 
figure and the idea that it resembled marrow. It is a 
direct and continuous expansion into the cranium of the 
spinal cord. It passes from the vertebral column, through 
the foramen magnum, into the skull As it emerges from 
the narrow passage it enlarges rapidly. This enlargement is 
due (1) to the addition to it of new bodies which complicate 
its structure greatly, and (2) to the deposition within its 
interior of large quantities of vesicular neurine. The most 
important and remarkable point in its character is that the 
nervous fibres which pass from each side of the spinal cord 
cross each other, those from the left going to the riglit, and 
those from the right going to the left. This explains why, 
when the one side of the brain is injured, the nerves on the 
opposite side of the body are paralyzed. 

The medulla oblongata forms a most important part of the 
cerehro-spinal axis. The nerves which supply the larynx, 
the lungs, the heart, and the stomach originate in it, and 
evils of the utmost consequence arise from injuries to it. 
AU the true cranial nerves take their origin in it, and the 
movements of the bloodvessels are due to it. A single small 
centre in its gray matter is noted as ^Hhe vital spot,” because 
that if it be but touched life ceases. 

Besides these greater and more important structures, there 
are deserving of mention several important ones — the pmu 
VaroUi, in front of the medulla oblongata, where the fibres of 
the cerebellum expand arch-like and cross each other, forming 
a kind of bridge named after the anatomist who first described 
it; the crura cerebri, two large rounded masses about half an 
inch in tMckness, which become \fisible in front of the pons 
Varolii; the corpora cpiadrigemina, four hemispherical masses 
of nervous matter rising above and resting on the crura; the 
optic thalami, two large oval masses, consisting of vesicular 
tubular neurine in intimate union, into wMch the crura pass; 
the corpora striata, a mass of white and gray matter, into which 
the fibres of the optic thalami pass; pineal gland, a peculiar 
conoid or pine-apple sliaped mass of gray matter containing 
hard crystalline particles — it is of unlaiown function, and 
connected with the roof of the third ventricle; and the pitui- 
tary body, which is the termination of the funnel-like organ 
into which the floor of the third ventricle is transformed. 
Between the divergence of some parts and the convergence of 
others interspaces occur. 

The brain is not one entire solid mass or congeries of 


326 


PHYSIOLOGY 


masses of nervous matter. There are in it two pretty large 
cavities, called lateral ventricles, and two others near the base 
of the brain, named respectively the third and fourth ven- 
tricles. Tliey are not real hollows, but fissures occurring 
between parts contiguous, but not continuous. Fluids to 
prevent the agglutination of surfaces exist in these^ inter- 
spaces, but in a diseased state such fluids are capable of being 
accumulated and increased. Many minor portions of the 
brain — belonging to and completing the apparatus of union 
and co-operation— have not been noted; but enough has been 
given to enable the reader to comprehend the chief matters 
of physiological interest connected with the normal activity of 
the brain, especially as regards sensation and motion. 

The accompanying illustration (fig. 2) of the base of the 
brain will enable the student to see the relative positions of 
the gi'eater portion of the parts mentioried; wMle a reference 



Fig-. 2. — Base of tlie Brain. 1, anterior lobes of tbe cerebrum; 2, middle 
lobes of tbe cerebrum; 3, posterior lobes of tbe cerebrum; 4, fissure 
separating tbe anterior from tbe middle lobes; 6, situation of tbe super- 
ficial excavation forming the boundary between tbe middle and the 
posterior lobes; 6, tbe two hemispheres of tbe cerebellum, composed of 
flattened laminje or layers; 7, the medulla oblongata, which in this posi- 
tion of the brain rests upon and covers tbe vermiform process; 8, corpora 
pyramidalia; 9, corpora oliv aria; 10, tuber annulare, or pons Varolii; 11, 
decussation of tbe corpora pyramidalia ; a, b, c, d, cerebral nerves. 

to Plate X., in which the cerebro-spinal axis is represented in 
figs. 1, 2, and 3, with the more important of the sensory 
nerves and the more essential centres of the nervous system, 
will be found far more instructive and intelligible than a large 
amount of merely verbal description. 

The spinal cord is a longitudinal mass of fibrous and vesi- 
cular mucous matter, encased in the bony cavity of the verte- 
bral column, and extending from the foramen magnum to 
the second lumbar vertebra, where it tapers off into a filament 

The bony structure of the spine fiias been already described 
(p. 46), so that it will be sufficient for us here to recall tlie 
three facts: (1) that it is a bony case, elastic and mobile, 
on account of its numerous joints strong enough to bear weight 
and able to resist great violence; (2) that by its cuiwed form 
and elastic plates it is pretty well protected against concus- 
sions; and (3) that it is preserved from friction by a lining of 
elastic matter. These arrangements are intended to secure the 
integrity of the spinal cord. Within the vertebral column the 
dura mater, the arachnoid membrane, and the pia mater, 
which form the emvrapping envelope of the brain, provide 
an internal covering called the vertebral sheath, not to the 
vertebrae, but to the cord which it surrounds and protects 
The vertebrae contain between their inner periosteum and 
this sheath a layer of fatty and areolar tissue which acts as 
an internal cushion between the bones and the sheath. Be- 
tween the dura and the pia mater, the arachnoid membrane 
secretes its peculiar watery fluid, and this furnishes a moderate 
and uniform pressure for the spinal cord. The cord is slung 
and suspended in the centre of tins sheath by elastic threads 
proceeding from each side, of the vertebral sheath; v^ous 


teeth-like oroeesses are a’clached to, and hold and steady the 
spinal cord. , The denticulated ligament, froni wliich^ these 
lateral supports ' proceed, preserves the precious me'.ullarj 
treasure in its proper place easily, and as the .sheath terri'dri- 
ates in a number of strong elastic filaments, which, are laslied, 
as it were, to the o.? the cord is provisled with vertical 

stajrs a,s well. Arrangement has also Ijeeri made for the 
maintenance of unifonnity of pressure by providing little bags 
for the reception, on occasion of any local or general oveiHow, 
of arachnoid, fluid, just wliere each s|;diicl nerve is jibout to 
leave the vertebral canal 

The spinal cord is a mass of nervous matter of a some- 
what compressed cylindrical sliape, not of tlie same tiiickness 
throughout its whole lengtii, but enlargins and diioiiifAl'ing 
accorfing to the importance and requirements of tlie nerve;^ it 
gives off during its course from the cer'vieal to the luinbw* 
vertebrse. The cord itself is a douldc organ, composed rif two 
symmetrical halves— each half forming a complete lu'.vvous 
centre, and canning on its own specific functions. Each half 
is divided lengthwise by two fissures into three riarts; (1) 
anterior, (2) lateral, and (3) posterior; while a commissure or 
uniting band of white fibres, miming across the cord, connects 
the corresponding halves one with the other. Bcovn tliroiigh 
the centre of the cord, a narrow canal lined with epithelial 
matter passes, traversing its entire length from riie foiirtl! 
ventricle of the brain to the termination at the civ.da equina. 
Looked at externally, the cord presents the appearance of a 
grayish-white, soft, fibrous, neurine matter. When, iiowever, 
a transverse section is made, each half is seen to contain two 
substances — a white substance in the outward part, and a 
gray, reddish-tinged matter in the centre. This latter matter 
is definite, yet peculiar in the manner of its disposition. It 
takes a crescent or semi-lunar shape, with the concave side 
turned outward, thus ) - in each baK, and the convex side>* 
are joined togefcer by filaments wMch contain the central 
canal. The ends of the crescent are called corwaa (or iiorns), 
those to the front being called the anterior, and those toivards 
the back the posterior. It is not easy to describe in any 
popular way the precise origin of the spinal nerves and the 
complex communications of tlie roots of the nerve- fibres with 
the different constituent parts of the spinal cord. "Each 
spinal nerve has an mterior and a jjostenor root. These 
roots issue by delicate filaments from the lateral fissures on 
each side of the surface of the cord. After they liave pierced 
through the vertebral sheath, the fibres which had been 
separate one from the other miite to form special trunk.^, 
but shortly thereafter subdivide and ramify along their spe- 
cially assigned courses. Tlie fibres which spring from the 
posterior root are senson/, and tliose from the anterior are 
voUtionarg or motor. Every primitive fibre cd' the root of 
such a nerve must have a connection with the centre from 
winch it originates, and therefore reprehenttitive* of all the 
separate nerves must be contained in the cerebro-spinal axis. 
These must be densely massed and completely interlaced, but 
into the question of how these primitive fibres of the spina! 
nerves ascend to the brain or depute to other tissues the coni- 
munications which require to be held with it, cannot be profit- 
ably considered and discussed in a merely popular, unpro- 
fessional, and initiatory compendium. They take their issue 
in an orderly and distinct series; they distribute themselves 
to all parts of the body, and there is no tissue in it to which 
they do not contribute their fibres or in wMch they do not 
exercise their offices. 

^ Those parts of the nervous centre constituting the brain 
give off' several nervous trunks. These are arranged in pmirs, 
and are called cranial or cerebral nerves. The greater part of 
these do not, Iiowever, pass forth dkectly from the brain 
itself, but proceed mediately from the medulla oblongata, 
the spinal cord, &c,, in an order and number which are in 
part dift'erently named and numbered by the physiologists of 
this and of other countries. The division into twelve may be 
adopted here as that wliich affords the most distinct classifi- 
cation. (See fig. 1, Plate X). 

The spinal nerves are symmetrical. There are tliirty-one 
pairs of them. Each pair contains two roots — is, in fri*ct, a 
compound nerve— and performs a double function. The spinal 
nerves, given off as they are in two lerieral series from each 
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half of the spinal cord,, pass , out of the vertebral canal by 
openings . between the vertebrssj which are named vertebral 
(openings), . Thereafter they divide and divaricate 
antil, in the minuteness of their ramifications, they inosculate 
with the muscles and reach every part of the skin. These 
spinal nerves receive their names from the vertebra under which 
they issue, (See Plate X., figs. 2 and Z.). There are (1) eight 
cervical, .(2) fv^^elve dorsal, (3) five lumbar, and (4) six sacral 
nerves on each side. The anterior root of each spinal nerve 
is motor or .efferent^ and , the posterior sensory, sensitive, or 
qferenL These sensory roots have ganglia through which 
the .motor; fibres pass. The sensitive nerves pass onwards 
sMefly. to the skin, where impressions . impinging on them 
may be, transmitted to the, nervous centres, there to be 
received and appreciated,; wdiile the motor nerves, for the 
most part,' attach ' themselves to and interpenetrate the 
muscles, , which, ■ being instruments of motion, require the 
stimulant of nervous force to be transmitted and applied to 


them. If an injury occur to one of these spinal nerves 
I immediately on its leaving the vertebral column, _ entire 
I paralysis of the nerve supervenes— motion and sensation are. 
! both destroyed. If motor, fibres alone are .hurt, loss, of power 
i. of , movement occurs— sensation remains. If only the sensory 
I fibres suffer lesion, incapacity to feel is produced, but the 
! power of motion is not destroyed. If the spine Is broken, or 
! materially injured, those parts of the body which are below 
I the seat of the injury lose their power , of sensation and 
I voluntary movement; but if the nerves of sensation be stijnu- 
i lated by appro|)riate ' excitation, the afferent nerves will 
I communicate the unconsciously received impression to some 
I centre where an efferent nerve may be found, aiid the motor 
j impulse natural to the latter will be sent onw'arcl to the 
I seat of the excitation. This is called reflex action. If, how- 
j ever, the spinal cord were severed lengthwise down its main 
! fissure, sensation would be destroyed throughout the body 
i and limbs. 


OEAXIAIi OB. OEREBBAL NEBVES. 


"1 

No. 

, ' . Name. 

Origin. 

Distribution. 

Function. 

1. ^ 

Olfactory, „ . . . . 

Corpora striata, 

The mucous membrane of the nose, 

Sensory, smelL 

2. 

Optic, ...... 

Optic thalami and tubercles, . . 

(The internal surface of the eye,' 
I forming the retina, . . . ^ 


Sensory, sight. 

3. 

Motors oculi (movers 
the eye), . . . . ) 

Inner side of the crura cerebri, . . 

(The muscles which move the eye-' 

i ball, ........ J 


Motor. 

4. 

Trochlear (pzdley-Uhe)\ 
or pathetic, . . . ) 

Corpora quadrigemina, .... 

(The superior oblique muscle of 
\ the eye, ^ 


Motor. 

5. 

Trigeminal or trifacial. 

Medulla oblongata, near pons Varolii, 

(Skin of the face, muscles of the’ 
1 jaw, and front of tongue. 


Motor and sensory, taste. 

6. 

Abductor, . . . . -j 

Medulla oblongata and the fourth 

ventricle, 

Medulla oblongata and crus cere- 
belli, 

\ External rectus muscle of the eye, 

Motor. 

7. ^ 

Facial (portio dura), -j 

(Muscles of the face, external ear, 
1 parts of the neck, . . . . 


Motor. 

8. 

Auditory (j? or iio mollis), 

Medulla oblongata, ..... 

The internal paits of the ear, . . 

Sensory, hearing. 

9. 

Glossopbaryngeal(^ow^we) 
and throat), , , , ) 

Medulla oblongata. 

(Tympanum, carotid arteiy, throat,' 
•< tonsils, and , side and base of 
{ tongue, . , . . . . . 


Motor and sensory, taste. 

10. 

Fneumogastric (lung ) 
a7id stomach), . . ) 

Medulla oblongata, . . . . . 

(Throat, lungs, liver, stomach, and 
( heart, 


Sensory and motor. 

11. 

Hypoglossal (lingual), . 

Medulla oblongata, 

The muscles of the tongue, . . 

Motor. 

12. 

Accessory, 

C The sides of the spinal cord between 
[ the dorsal nerves, 

(Behind internal jugular vein,' 
■< stemo-mastoideus, and trapezius 


Motor. 



1 or muscles of the shoulder. . 




It will readily be observed that 1, 2, and 8 are nerves of I 
special sensation; tliat 3, 4, 6, 7, 11, and 12 are nerves of ! 
motion; and 5, 9, and 10 are compound nerves. As 7 and 8 
leave the brain together they are sometimes reckoned one 
pair; so because 9, 10, and 11 pass from the skull through 
the same orifice they are often counted as one. The accom- 
panying Plate will distinctly show, if carefully studied along 
with the above-given table, the origin, course, and relation 
of the different nerves. In it 12, 13, and 14 are (in accord- 
ance with a minute anatomical dissection) shown as separate, 
though, as stated in the text, they may be followed to, and 
regarded as having, a common origin. 

Tlie main trunk of the sympathetic nervom system pro- 
ceeds in a double parallel chain of thirty ganglia from the 
bead, along the neck, the thorax, and the abdomen, to the 
os coccyx on each side of the front of^the spine. Its roots 
are formed by numerous filaments derived from most of the 
cerebral and all the spinal nerves. In the region of the head 
there are four ganglia on each side, all intimately related to 
the trifacial nerve. They are (1) the ophthalmic, (2) the 
sphseiio-palatine, (3) the otic, and (4) the sub-maxillary 
ganglia, each engaged in regulating processes necessary to 
cephalic soundness and usefiflness. It exhibits a double row 
of ganglia, which in the chest and altdomen appear at 
intervals between the three cervical, eleven thoracic, four 
lumbai, and .five sacral vertebras, and from these it gives off 
a large number of branches, wMch are often congregated 
into ganglia, and help to supply the viscera, many blood- 
vessels, glands, and other textures with neurine influence. 
The ganglionic enlargements of the nerves are due to the 
addition of , {ganglionic globules or corpuscles to their nerve- 


fibre, each globule possessing a proper sheath, and probably 
a definite physiological function. 

The sympathetic system includes (1) the pre- vertebral 
ganglia; (2) the isolated ganglia of the viscera, including 
{d) the cardiac plexus, (5) the epigastric or abdominal plexus, 
and (c) the hypogastric or pelvic plexus; (3) the ganglia on 
the posterior roots of the spinal nerves. The connection 
between the sympathetic ganglia and the cerebro-spinal 
nerves is brought about by four small fibres, two gray uniting 
the anterior and posterior root of the spinal nerve" to each 
ganglion, and two white, also communicating similarly with 
the root of the spinal nerve. These ganglia evidently receive 
both sentient and motor powder, and thus by gelatinous masses 
of nerve-fibre they carry tlirough all their communicating 
branches the nervine influence, so that, wherever they go, in 
their progress through the organs and tissues of the body, 
the sympathetic nerves contain intermingled with them some 
spinal and cerebral nerve force, winle all cerebral and spinal 
nerves also hold within them some sympathetic nervous 
agency. The cerebro-spinal nerve system is singularly 
concentrated and consolidated. The ganglionic system is 
just as strangely diffused and decentralized. The indepen- 
dence of the latter is shown by the fact t];at the parts 
supplied with nerve force by it continue tincir operations 
for a time though the connection between tiiem and the 
cerebro-spinal system is severed, while the intej-dependence 
of each system (from which this system gets its name of 
sympathetic) is proved, not only by the intermingling of fibre, 
but also by their exercise of a certain amount of co-influence 
one on the other. Though the vaso-motor nerves do not 
, belong to the cerebro-spinal cycle, yet the latter is undoubtedly 
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a centre whence vaso-motor power is derived. It is free, in 
ordinary circumstances, to carry on in undelegated automatic 
fashion the great functions of organic life in the individual, 
but yet dependent on the central organized system of nervous 
energy for its supply of that power wliich enables the frame 
to breathe, to digest, and to keep up the systemic circulation 
of the blood. That more concentrated and highly developed 
nerve-system, which brings the individual life into the relations 
of existence, industry, perception, and sociality, is also free 
to carry on the requisite duties of all life’s rektions without 
the incessant care, anxiety, and attention which would be 
necessary if every organic function were kept going by voli- 
tion, and there was not a great and almost involuntary 
institution in the sympathetic nerve-system for conducting 
the ordinary processes of bodily life. It is evident that a 
complex nervous machinery such as we have endeavoured 
to describe, bringing into relation with the great central 
sentiency of the brain the wliole superficial extent, external 
and internal of the human frame, and capable of issuing 
commands over an area equally extensive, must have many 
intricate inter-relations which lie beyond the scope of popular 
exposition. Enough has, however, been said to show how 
important it must be to keep the entire nervine centres 
and their ramifications in perfect healthy activity, and how 
wonderful the nature is which possesses so complete and 
thorough a system of intercommunication. 


BOOK-KEEPmG.—CHAPTBE I¥. 

EEOISTEATIOX OF a?EAXSA.Oa:iOXS — WASTE BOOK AND DAY BOOK : 

THEIE USES AXD FORMS. 

Thebe can be no doubt that the precise and exact regis- 
tration of commercial transactions is of prime importance. 
In some mercantile establishments arrangements are made 
for the general recording of every trade transaction that goes 
on during each day — sales, purcliases, cash received and cash 
paid, bills accepted and settled, transfers of stock from hand 
to hand, proposals made and proposals received, expenses in- 
curred, losses announced, and any other facts connected with 
the carrying on of the business— including engagement or dis- 
missal of assistants, statements of terms offered and accepted, 
wages paid, duties assigned, and so on; in fact a complete 
diary of occurrences connected with the business. In such a 
book, any one who has charge of any branch, who has been 
intrusted with the care of any special duty, or who has entered 
into, processed with, or concluded any transaction, is required 
to make immediate note, so that it furnishes really a series of 
memoranda of all that has gone on under any responsible 
agent of the establishment. It requires, therefore, to be 
always ready and at hand for instantaneous use. This is 
sometimes called the Transaction Book, the Diary or the 
Waste Book, but, whatever its name, its nature is to be a 
history of the business transacted day by day. 

In other establishments a different system prevails, although 
the end sought and obtained is the same. A daily personal 
note-book is put into the hands of each employee, and in this 
he is expected to enter, at the moment, each transaction 
effected in Ms department, so as to be able to give immediate 
and exact account of all that he has done, and to provide at 
once a means of knowing how the affairs under his charge are 
going on. These note-books are not only checks but counter 
checks, because they record not only all stock received into 
each department, but all the changes which take place in it 
by removal, sale, or otherwise, and aU the results of such 
clranges in cash sales, credit sales, transferences, &:c., of which 
the note-books of some other department also contain corre- 
sponding registration. 

The entries in these books afford the rough materials out 
of Which the items of systematic accounting are selected. 
Many of the entries in such books may be of only a tempo- 
rary nature, containing a simple narrative of what has been 
done, and may even be, from want of capacity in, the re- 
corder, Mo immethodical for any use except for reference to or 
authentication of transactions. Commodities bought, sold, 
received, delivered, bargained for, offered for disposal; con- 
tracts made or proposed, offers accepted or reiected; notes of 


.terms of purchase and payment, of marks, \Yt?ight, measure,, 
quality, &c., may all be entered into sucli a book {or books) 
just in the order of their occurrence in time, a, ltd witli m 
clear relation to what has gone before or will come niter. 
Many of the entries may be of a triiiing sort— the sending of 
goods on sight, wMcli may have been aimost jiiimedinteiy !'e~ 
turned; goods supplied, to persons wliose custmH Is nneermhii, 
or for whom, on other grounds, it may not be thought advis;u;ie 
to open any account, or matters referring merely to doe 
interchange of stock between departments. Hence it is diat 
such contributory books, as they might be called, which fur- 
nish the materials for the distinct and definite entries of the 
Day Book, Cash Book, Bill Book, &c., are often riglilly enough 
called Waste Books, not because tiiey are useless or 
sary, but beauise that when all that is speciUcally re'iirlsite 
for the proper registration of business transactions h.as hs en 
selected' from them and methodized into other distinctly bn-si- 
ness books, they do not need to be particularly kept, Jind iiiay 
be, like everytliing else wliicli can be of no further service, 
discarded as waste. Of course the daily exaiuiiuxtion of sucli 
books furnishes matter to be dealt with in other books, and a 
periodical reriew of such books will p.revent tlie o^'er] necking 
of any important outstanding item, anything relating to which 
I may be carried forward by note of reference or extract into 
I any other book to wdiich it may seem desiiable to tiansfer it. 

Specific business book-keeping requiies a di'^uuct, tmst- 
worthy, properly arranged, and rightly methodized style of 
record, in wliich business transactions Jiune, in then double 
form of stock and cash, may be distinctly legi^teuu in such a 
mode as may most easily be referred to wlien rupnied TMs 
necessitates the use of a special business Day Book which is, 
however, nowadays practically restricted to an account of all 
such sales as are effected on credit day by day. 

A Day Book, as its name implies, is one in wliich the busi- 
ness transactions of the day are set down regularly in the 
order in which they occur. It is the chronologicai history of 
the business. It notes regarding every transaction, (T the 
date; (2) the parties — care being eispecially taken to be correct 
in the names, designations, and addresses of the same; (3) 
the denominations, quantities, prices (and if necessary tlie 
qualities) of goods; (4) the terms of payment; and (o) any 
other condition or circumstance requiring record. Sucli 
entries ought to be made in a precise, comprehensive, simple 
style, leaving nothing unexplained which is essential to an 
exact knowledge of each transaction. This, it will he seeiu is 
necessary, that a tradesman or .merchant may be able eitiier 
to make out accounts for his customers correctly, or to 
check off those presented to him by those witli whom he deals. 
Of course cash sales are entered into the Cash Book, w'liicii is 
really a sort of Cash Day Book, and such entries do not appear 
in the Day Book at all; but any cash received from credit 
purchasers or payments made to parties from whom goods on 
credit have been received, make their appearance in tlse fhxy 
Book. At the close of each day these siinis are journalized, 
if a journal is kept; and if so, the particular personal account 
to which they are to be posted is indicated, and a mark |>ut on 
the margin of the Day Book to show that this has bt^on' dmu,. 

In commencing a business Day Book the first entry coiv 
sists of an inventory. This comprises two distinct parts— 
1, the merchant’s Assets^ i.e. (1) the 'mone^ he }>osses.ses (or 
places in and allocates to the carrying on of this particular 
business); (2) the godcls on hand; (3) the debts due to him at 
date; and (4) any other kind of property to be used in or 
employed for the carrying on of the business, e.(j, machinery, 
horses, vans, workshop or warehouse: and 2, tlm merchant's 
Liabilities, Le. debts due to others, liens, mortgages, &e., on 
any property. The difference between these two constitutes 
Ms Net Stock, tlmt which forms the precise amount of the 
capital invested in the business and is to be traded with. Of 
all that affects, i.e. increases or diminishes, this net stock, 
whatever its nature, the merchant’s books ought to present 
an exact record. If this is not done, the very object of book- 
keeping would be frustrated, and when a balance came to be 
struck the absolute extent to which, so far as liis business was 
concerned, the merchant was richer or poorer, i.e. how much 
Ms net stock had been augmented or lessened in the course of 
trading, would not be ascertainable. As to the form of entries 
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In the Pay Book, we may state that it is usual, on the top of 
each page (which should hear on its outer corner its progres- 
sive number), that the place of business, the month, and the 
year should be written in a large, bold, legible style of penman- 
ship above a distinctly ruled head-line. The only other ruling 
required is on the left-hand columns for the month and day, 
and, on the right, single money columns. We subjoin a speci- 
men, which may be copied either on a slip of jjaper ruled to 
pattern by the student, or on a sheet of similarly ruled paper, 
which may readily be purchased: — 


kept with regular Pr. and Cr. of all purchases and sales, so 
tiiat stock on hand of any sort of goods may be known at 
once and a re\iew may be made of it at any time. In other 
cases the stock is placed in charge of a special individual, and 
the stock-clerk must attend to ' debit stock , with all goods 
delivered, and to credit it with all goods sold or sent out. 


GEOMETKY.— CHAPTER IV. , 

BISECTION OF ANUSES— STRAIGHT LINES— PEiinENMCTOABS. 


Bemmington, June^ 1888. 




Inventory of the estate of William Mfibrowne: — 

£ 

s. 

D. 



taken at this date, Ist June, 1888. 




June 

1 

Cashinhand [as per Balance-sheet Ledger,! 792], 
Stock in trade (or goods in hand) [as per Stock 

963 

17 

H 



Book balance, page 304], 

336 

10 





1300 

7 


u 

B 

Debts due by me [as per Balance-sheet, f. 792], . 

427 

7 

6 



Net stock, ' . 

873 

0 


it 

B 

Bill Eeceivable— -Capt. George Stansfield of Holt 






Hall, Cheshire, paid, 

580 

0 

0 

u 

4 

Sold Richard Grainger, 23 Eighborough Street, 




1 


Stanmore, 10 pieces tweed, 18 yards each, at 
2s. ed., ........ £22 10 






150 yards broadcloth, 6s. 6d. per yard, 48 15 
Sold Benjamin Preston, 193 Aston Manor Road, 

71 

5 

0 



Rochdale, 12 pieces tweed, 10 yards each, at 
2s. lOd per yard, . £17 00 






4 pieces broadcloth, 16 yards, 






at 4s. per yard, . . 12 16 0 £29 16 0 






Received in cash £9 16s. bill three 






months (due 7th September), . . 20 0 0 

20 

0 

0 

it 

5 

Bill payable, Andrew Moorfields, 7 Dron Place, 






Holmlev, discharged £347. ...... 

347 

0 

0 


Some book-keepers prefer a more distinct method of dat" 
ing, and having given at the top of the page the name of the 
month, look upon it as unnecessary to do more than place 
the date in the centre of the line which divides and individual- 
izes the record of each transaction. The last entry would 
then take the following form: — 

^ June 5. 

J Bill payable — Andrew Moorfields, 7 Dron Place, f| I 1 
Holmley, discharged, . . . ... . . . ||£347| o| 0 

This method has the merits of economy of writing and of 
distinctness, and besides it leaves the left-hand margin free 
for the placing before each entry the letter J., as it is 
Journalized. 

Where a business is largeand its departments or rami- 
fications are numerous, the Pay Book is frequently sub- 
divided so as to be either (1) only a sales book; (2) several 
sales books, classified sometimes in one way, sometimes in 
another, e.g. into departments, as sillis, merinos, ribbons, &c., 
tweeds, broads, and so on; into branches L, II., III., &c., in 
which entries are made of all goods in these departments or 
brandies sold on credit^ and are noted and described so as 
to be readily debited to the respective accounts of the proper 
parties. Such entries would run simply 

— ^ June 6. — — 

To J. Herbert Unwin, 17 Castle Street, Prem. 

5 pieces broadcloth, 17 yards each, at 5s. 6d 

per yard, £23 7 6 


To W. A, Osborne, 179 Elm Eow, Fossway. 

50 pieces serge (131'*) 14 yards each, Is. O^d. 

per yard, . . . . ...... . £10 1 5J 

Each entry would, of course, be a Pr. one, which could be 
transferred at once to the personal accounts in the ledger; 
but each one would also become a Cr. entry in the accounts, 
for instance, of broadcloth and of serge, or according to the 
headings and divisions adopted of stock in the Ledger. This 
process is formulated into the rule ^‘Pebit the personal, credit 
the goods account.” In extensive concerns a Stock Ledger is 


We shall- presume that now our readers have become ac- 
quainted with ' “ the logic of geometry,” and are able to follow 
the course of thought presented in a demonstration on its being 
placed before them in a plain though condensed manner. 
We shall therefore from tMs point gradually abbreviate our 
elucidatory remarks, as well as shorten (wdien tlie steps are 
very simple) the phraseology of demonstration. In order also 
that geometrical thought, rather than routine, may be cul- 
tivated, we shall introduce figures other than those commonly 
found in Euclid’s Elements, and forms of proof illustrated by 
them which vary the mode of reasoning to some extent, and 
give some sense of change during our progress through the 
propositions. 

Geometry is not only theoretical, it is practical as well. 
Euclid supplies us with theorems to be proved and problems 
to be done. But what he requires us to do is to be effected 
upon distinct principles satisfactory to reason. We frequently 
find ourselves called upon to divide an angle into definite 
parts. Euclid undertakes to show us bow this can be 
effected with infallible accuracy, and he puts it before us in 
the following 

Proposition IX. Problem. 



To bisect a given rectilineal angle; that is, to dwide it 
into two equal angles. 

Let B AG be the given rectilineal angle; it is required to 
divide BAG into two equal angles. In 
A B take any point B, and (by I. 3) cut 
off in AC, AE equal to AB, Join 
B B, and on the side of it remote from 
A, describe the equilateral triangle B F E. 

Join A F. We have now the two 
triangles B A F, E A F, precisely ful- 
filling the conditions of equality defined 
in I, 4; hence the angle B A F is equal 
to the angle E A F. But these two 
together constitute the angle B A C, and it has thus beet> 
divided into two equal angles. Q.B.F. 

J. M. Wilson supplies another neat and accurate demon- 
stration of tliis problem. g 

A B G is the given angle. Equal 
lengths B A, B G, being taken in it and 
A G joined, then with centre A, and 
any radius greater than lialf A G, describe 
a circle a a. Bescribe a similar circle 
hh from G. These shall intersect in B. 

Join A B, G B, and B B, and B B shall 
bisect the angle ABC; for the triangles 
ABB and G B B are (by I. 4) equal. 

We here show another form of working out this problem, 
is one which on examination wiU 
be found to yield proof that ABB 
equals C B B, and hence that 
A B C is bisected. 

In this construction, from the 
point B, with any radius less than 
half A B, describe a circle cutting 
the sides A B, B G, in the points 
a, a; from these points respec- 
tively, with the radius a'B, describe 
the circles hh and cc; and then ^ 
join the point B, where these cir- 
cles intersect one another, to a fj' 
and a. Then will B a B and 
BfliB equal each other; each will be half of ABC, and 
therefore ABC will be bisected. 



It 
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By this proposition we can bisect any given angle into any 
number of parts having the power of 2, as 4, 8, 16, 32, &c., as | 
well as I, &c., but we cannot by the constructions in I 
plane geometiy allowed by Euclid, trisect any given angle, i 
though it is possible to divide a right angle into three equal \ 
parts, 

' If the^ student remembers that in the first proposition he 
learned to describe an equilateral triangle upon a given finite 
straight line, it will help him to understand how to work 
this second problem regarding straight lines, which appears 
In Buclid, Book'L, as ' 

, Pkopositioh X. Pbobusm. . ■ 

To bisect a givejh finite Btrojight line; that is, to cUvid-e it 
into two eqitcd parts. 

Let A B be the given finite straight line. It is required to 
divide A B into two equal parts. 

^ Upon either side of A B de- 

/K scribe the equilateral triangle 

/iV ACB(Ll). Bisect the angle 

/ I \ A C B by the steight line 

/ \ C B, meeting A B at I) (I. 9). 

/ I \ A B shall be bisected in the 
/ I V point B, By construction, A C 
/ I \ is equal to CB, and G B is 

— common to the two triangles 

AC B, BOB, and therefore 
(by I. 4) the angles are equal in every respect. Hence the 
base, ie. the straight line, A B is equal to the base, ie. the 
straight line, B B, and these are the two parts of A B. There- 
fore, A B has been bisected into two equal parts. Q.E.F. 

It is evident that, by a construction such as that here 
exhibited, if with A as centre we take on A C any radius 
greater than half A C and describe a circle, and repeat the 
same process with C as centre, we shall 
have two circles intersecting at B and B. 
On joining B B it will be found that the line 
. X 1 1 ^ ^ ^ ^ When A B and BC 

r I j are joined, we have an angle ABC bisected 
\U - by B B, and the two triangles A B E, 
C B E, are equal in every respect (1. 4), 
Wherefore their bases A E and C E are 
respectively equal one to another, and they are the straight 
line A C. The finite straight line may, by successive similar 
bisections, be divided into 4, 8, 16, &c., equal parts, or into 

h h h 

Peoposition XI. PbobijEsi. 

To draw a straight line at right angles to a giren straight 
line, from a gwen point in the same. * 

The third proposition regarding straight lines is given hj 
Euclid as a problem — viz., A B given straight line, C given 

point. Required to draw 
? from 0, at right angles to 

A B, a straight line. 

/ \ pa*rt A C, take 

/ \ any point B, and make 

/ \ C B in the part C B equal 

/ \ to C B (I. 3). Upon B E 

/ ■ \ describe the equilateral tri- 

^ ^ angle B E E (1. 1) and join 

G P. C P is at right angles 
with A B. By I. 8 the angle BOP equals the angle 


i cause ABC ' is a straight line, ABE, is equal to/1 B 0. 


E C P, and they are adjacent angles, but equal adjacent 
E angles are right angles (del 10), 

and the line 0 P, common to each, 
is a straight line, and it is drawn 
. , from the point C at right angles to 

AB. Q.E.P. 

Corollary 1. By help -of this 
, . it may be proved that 

X straight lines cannot have a 

common segment. For, if it be 

f ossible, let the segment A B be common to the two straight 
nes ABC, A B B,^ and from the point B draw B E at 
right angles to A B (as in this proposition). Then, be- 


lines cannot have a. conimon segment. 

This corollary is in point of fact assiiiiied in the demon- 
stration of I. 4, in whieli it is affirmed ()iee p. 138} that, if A 
coincides with B, and B C with I) E, the pohit B shall coin- 
cide with tlie point E, wliicli it would not necesi>u,rhy «lo if 
two straight lines could have a common segmeiit. 

The proof of this corollary,' which, Wvas added by Siiiisoii as 
^‘neceskry to Prop. 11, Book I., and otherwise/’ is scarcely 
quite sound, because we have not yet been shown how to 
draw a straight line from a point at the extremity of iiimther 
straight line. It might beTegarded as (k'ducible Irons the 
very definition of a straight line, for if a straiglit line is the 
shortest distance between hm points, it cannot be. the shortest 
distance between tMee points. 

Gmollary 2. When one straight line is the shortest that 
can he drawn from a point to another straiglit line, these two 
straight lines are perpendicular to one another, hi actual 
practice such straight lines are drawn by the nid of the square. 

Corollary 3. Only one perpendicular can be drawn from a 
given point to a given line. 

The Euclidean demonstration will not apjily if the point, 0 
is given at the extremity of the line. In tliat case, how’ever, 
by Postulate 2, the line may be produced, and then his con- 
struction can be proceeded with. 

■ We cannot always have our .point given us in the same 
straight line. Euclid saw this, and provided us with another 
proposition to meet that objection. It appears as 

PeOPOSITION XII. pROEUEM. 

To d/i^aw a straight line perpendimlar to agivm. straight 
line of an unlioniied length, from a given point 'without it. 

A B given line, G point. Required a straight line drawn 
from C at right angles to A B. Take any point B on the 
other side of A B from 
0. Prom centre C, with 2. 

distance C B, describe / \ 

the circle B G P cutting % / \ t 

A B, which being inde- \ / \ A 

finite can be produced if \ / \ J 

necessary, in F and G. a — a 

Bisect P G in H (I. 10), 

and join C H, C P, 0 6; ' 

C H will be at right 

angles with A B. PH and G H equal each otlier fby con- 
struction), and H C is common to the triangles F H C, G H C, 
so that the triangles are equal, and their adjacent angles iire 
equal, wherefore their common straight line is a perpendicular, 
and thus from the point C a perpendicular CH ha.s been 
drawn to the given straight line A B. Q.E.F. 

If the given straight line had not been persi.steutlj pro- 
duced it might not have met the circle, and tlie construction 
could not have been effected. It retpiires to be note«i tliat 
without fulfilling the third .. 

postulate and drawing the 
line C B as radius, we have 

had no warrant granted us to A 

describe the circle P D E. A 

This problem may be very \ \ 

elegantly and conclusively / I \ 

worked out thus: — In A 6 ’ dX E Bp 

take any two points A and j | 

B, and from these as centres > / / 

with radii AC, BO, describe I / 

circles cutting one another a // 

second time in P. Join G F, 

and let C P cut A B in E. ^ 

Then A 0 P, B C P, will each 
be isosceles triangles upon 

the, same base 0 P, and the line A B which joins their ver- 
tices, bisects the base at right angles; that is, 0 E is at right 
angles to-AB, Wherefore, from the given point C, with- 
out the given straight line A B, a straight line G E has 
been drawn at right angles to A B. Q.E.P. 
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TMs method is nsefixl when the point G falls (or 

is given) very near the e%e of the paper upon which the 
problem (practically) requires to be worked. 'The drawing- of 
a right line, - at' right angles to another right line,, from a given 
point without it,, is teehnically .called “ letting fall' a perpen- 
dicular.” 

' BOTAN'Y.—CHAPTEB. I¥. | 

STB.MS:, NAMED., OIiASSIFIBD, AND DESOBIBBD — THADLOSBNS — | 
, '..AOBO'OBNS— ENDOOBNS — BXOQBNS. . 

That part of a plant which rises out of the ground receives 
in. scientific -language the. name -of stem or 'caulome. The 
botanist classifies and describes the different kinds of stems. 
The root is the “descending axis” of a plant, the stem is 
the ascending one. It is formed by the upward prolongation 
of the plumule of the embryo. It differs from the radicle in 
having no cap-lke envelope at its growing end; for the most 
part it seeks the light, and generally develops in the air. 
The stem supports the various organs of each plant, serves 
as a medium for the conveyance of the vegetable sap, wliich 
the root has absorbed from the earth, to every other part, and 
becomes in many cases the depository of their special secretions. 

Plants have from the earliest period — from observations of 
the nature, the duration, and the method of the branching 
of their stems— been divided into herbs, shrubs, and trees. 
The distinctions between these may be stated here. A tree 
Is perennial, and rises from the ground by a single trunk; a 
shrub is also perennial, but it breaks the ground in a number 
of adjacent trunks. Both agree in having hard woody stems. 
An herb is soft and green, and its stem dies away after its 
fruit has been perfected— it may be after one season, as the 
lily; or after two, like the common cabbage. The herb is 
therefore obviously distinct from the other two. The tree 
and the shrub do not depend for their difference on their 
size, although that quality generally accompanies the other 
difference, but upon the arrangement of the stem. The 
common holly, for example, is a tree, although it is seldom 
seen of any considerable size; the barberry is a well-known 
example of a shrub. 

We may distinguish the following kinds of stems: — (1) The 
trunk is the name given to the stem of timber trees, the 
boughs, the branches, and the twigs being all comprised as 
parts of it; (2) the caudex, of shrubs; (3) the of such 
plants as palms atid ferns ; (4) the culm or haulm, of grasses, 
reeds, and similar plants ; (5) the €aulis,m herbs. The most 
important function of the trunk (including its radicles and 
smallest twigs) is to convey nourishment to the foliage, 
flowers, and fruit. To carry on this function its structure 
is, with great care and delicacy, adapted. The particular 


Fig. i. Fig. 2. Fig. 3. Fig. i. 



kind of stem styled a culm (fig. 1) presents a smooth hard 
outside, scarcely separate enough to be called a cuticle; within, 
it is cellular, contains vessels, and at certain disfatnces it 
presents knots, where the upper part of the stem ceases, to 
be received into a sheathing leaf growing up from the lower. 
The straw (culm) is in general knotted, the joinings being 
enlarged; sometimes jointed, the joinings being small; some- 
times geniculate, i.e. knee-jointed, when the joined parts 
bend to alternate sides. The leaves of acrogerm or ferns 
(fig. 2) are denominated fronds, and the petioles or stems are 


called- The frond differs - from a ieaf in tliLs, besides 
other- obvious marks ■which -exist in .its minute tex.tiire, tlia.t it 
bears- the fructification upon its under ^surface. 

' It has been stated in ^Chapter .III. .that sometimes, from 
some peculiarity ol form or function, steins do not push their 
way into the upper air, and so — under the various names of 
tubers, corms, rhizomes, pseudo-bulbs, <&c. — are spoken of as 
roots. Y^riting, as we are, for general rattier than scientific 
readers, we have explained (see p. 235) the latter terms 
where they would be most likely to be looked for, notifying, 
however, the origin and nature of the mistake. Here, iiow- 
ever,. we must reclaim them as really stems, and notice them 
accordingly. 

With- regard ■ to their .structure and arraiigeinent, stems 
are simple (fig, 1, Plate III.), as those of the white lily 
among flowers, and -the palms among trees; or hrancked, m 
in most trees- and shrubs (fig. 3, Plate III.); they may be 
hollow, as in the grasses and wnihellifem, but more gener- 
ally they are solid. They may be herbaceous or woody, 
jointed or unjointed, procumbent or erect, and standard or 
twining and climbing. 

The stems of most plants not only rise from the root, but 
from the ground. They bear branches, leaves, flowers, and 
fruit. Most of them are able to support their own weight, 
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and are described as ascendbig ; some make their way along 
the ground, and are called creepers; some seem to fall on 
the ground, and are designated decumbent or procmnhmt 
(fig. 5, Plate III.); others wish to rise, hut cannot support 
themselves without the aid of their neighbours, round which 
they twine, as do the convolvulus and the hop. These 
invariably maintain their twining or climbing course to the 
right (fig. 3) or the left (fig. 4), towards or from the sun. 
Many plants have a stem wMch runs along the ground for 
a short way at first, and then rises, as the speedwells (fig. 5). 
These are said to be decumhernt at the base. With one 
variety of the stem, the prostrate, we are familiar in the 
strawberry (fig. 4, Plate HI.) It is called a rimner. It is 
not a proper stem, for it gives off no branches nor leaves; 
and it is not a root, for it does not go down into the earth, 
and the roots are quite distinct. Another variety is the 
sucker (fig. 6). It is a new stem given ofl:‘ by the root at 
some distance, as in the poplar. 

In many plants the stem is entirely wanting. In these 
the leaves, and the flowers also, spring from the ground 
directly, without stalks. What is commonly called the stem 
of a snow-drop is not a botanical stem, as it has no leaves 
on it, and no branches. It is called a scape (fig. 7). Such are, 
for instance, the so-called stems of some garlics, and most of 
those plants which have bulbous roots. A stem is simple if 
I it ^ves off or divides into no branches, having only the 
peiEcels or flower-stalks and the leaves attached to it; if, on 
the contrary, it divides more or less frequently, it is said to 
be compomd. When this division takes place regularly in 
successive pairs (fig. 2, Plate III.) it is said to be dichotomous. 

The following varieties are illustrated in Plate III.; — 
Figs. 6 and 7, Scandent Stems; fig. 8, YoluMe ; fig. 9, Arti- 
cu&ted; fig. 10, Winged with thorns; fig. 11, Phyllodium 
(petiole developed in a leaf -like manner); fig. 12, Leafless, 
Succulent, or Beformed ; fig. 13, Petiolate (opposite). 

In the lowest kinds of vegetation the nourishing fluids are 
absorbed from the ground by cells, wMch form pith and 
structures like it, while in the higher orders, the tubes or 
vessels can actually be seen. In herbaceous plants the cellu- 
lar tissue is interspersed with fibres, as any one may see on 
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breaking a stem of grass, or the blade of a cabbage. These 
fibres, when examined with the microscope, are seen to be 
distinctly tubular. This may be illustrated by the cross and 
horizontal sections of a stem (figs. 9, 10), in which these 
vessels may be seen. Between the green softness of herbs, 
and the woody texture of shrubs, there is an intermediate 
tribe, so far as mere structure is concerned. In these there 
is a hard woody shell on the outside, next a spongy part con- 
taining vesicular fibres, and lastly a large mass of pith in the 
centre, as in the common bramble. Pith is, at first, soft and 
green, altogether cellular and without vessels. It is doubt- 
less of use in the growth of the young plant before the vessels 
have been properly formed, Lg. during its transition from 
being cellular to becoming vascular. Ail shrubs and trees 
possess pith, but in most of them it is exceedingly small at the 
very centre. In old stems it is frequently found quite dried 
and shrivelled up— a proof that it is no longer serving any 
useful purpose. The gradual compression and lessening of 
the pith by tlie growth of the surrounding wood is well seen 
in the bourtree or elder. Every country boy knows that 
its long straight shoots are very light, having a thin shell; 
and that three-fourths of their thickness consists of pith, 
while tranks of several years old have these proportions re- 
versed, the wood being, perhaps, half an inch thick, while the 
pith is reduced to one-eighth. 

In the lowest division of plants, the woody fibres are few 
and imperfect. They consist of the vessels through wliich 
the juices , are drawn up from the root to the leaves and 
flowers, imbedded in a quantity of cellular tissue. The stalk 
of cabbage {Brassica) k an example. Gut it across when of 
full size, and the outside wiU be found to be woody, the centre 
soft and spongy ; split it down and it will tear, showing 
numerous fibres, which are its vessels. That delicate sub- 
stance called rice-paper is just the stem of a plant about an 
inch thick, in which the fibres are so few and far between 
that it looks like, though it is not, a mass of pith, for it has 
pith in its centre. It is cut spirally with some sharp instna- 
nmnt into layers, to form a thin plate, which is then unrolled, 
pressed flat, and cut into pieces of about a foot square. Those 
plants in which the fibres are numerous and tenacious are 
made useful in a different way. They are steeped in water 
until the soft ceUuIar tissue between the fibres becomes soft. 
They are then beaten until it is removed, and only the fibres 
left. In this way, flax and hemp are made ready for the 
artisan, who heckles or cleans and combs the fibres, so as to 
be fit for the spinner. 

Classes cannot be so absolutely marked olFand distinguished 
one from another by any single characteristic, that the 
possession of that one alone shall unmistakably indicate its 
precise place in the system of nature — the subtlety of which 
eludes all merely verbal classification. Still, as holding 
generally true, we may say that as regards their structure 
plants are of two sorts, (1) cellular and (2) vascular, and that 
they are, according to the nature of their growth, divisible 
into these three classes, viz.: — 

r 1. Thallogem 
I (leaf-like growers) I i. 
j % AcTogens if 0 p- vAcotyledom. 
growers)^ J 


much sign in their stem of the results of acrogmious growth; 
but in countries where the temperature is high, tree-ferns 
present stems of over 60 feet in height, having at their sum- 

mit a tuft of leaves. 

In enclogeifhs the stem is ■ made up partly of cellular tissue 
and partly of tibro- vascular tissue. Tlie (me forms the soft 
portion and the latter constitutes the hart! ]i;uts---thor;e which 
are tough and strong. In such a pla-iit — f.g. tljo narcinsiis, 
the iris, or the lily of the valley— on making a traiisverse 
section,' we see a luass of ce.Iular tissue with fibro-vaseoljir 
bundles scattered irregularly througli It, covered externally riy 
a rind or false bark, the cuticle of wliich is very tldu. tl'is 
is clearly exhibited in fig. 11. Fig. 12 shows a Inngitii'U’ia! 
section of a cylindrical stenn As the bmidles of Tissue 
cessively develop, they are placed in the centrr-* withiu tlu/se 
which were first formed. These therefore are pushed outwar*! 
and pressed together, so tliat in all such plants the oiitsiile is 
the hardest and most compact and the interior soft— -{.‘Xijctly 
the reverse of what ocenrs in the growth of exogeiis. Trie 
stems of endogenous plants, as a genera! rale, do not produce 
lateral, but only terminal buds, and tiiey are therefore un- 
branched. Very often the centre of endogen sterns is hollow. 
They have, in feet, no well-defined pitli, no cambium, no 
medullary rays or medullary sheath, and no true bark. Tlie 
leaves of such plants are parallel in their venation, and tlie 
style in which they germinate is peculiar. Tlie radicle is pro- 
truded from the embryo surrounded by a cellular sheath 
formed from tlie integument through which it forces its way. 
All the real corn-grain plants are endogenous. Of endogenous 
trees palms are the type. Many endogenous plants— besides 
the palms and the grain-grasses — ^are very lovely, and — like 
lilies and orchids — produce very beautiful flowers. 

IjTo buds appear on the sides of these trees. They are aH 
collected into a common cone which springs from the very 
top of the tree. The banana (fig. 8) is an example of the 

Fig. 8. 


1. Oelluiar, 


1. Plants are-; 


2. Vascular,- 


( 1. (in- m. Monocoty- 

side growers), f ledom, 

% Eocogem (out- > rii, 
growers), > Dicotyledons. 

Thallogens exhibit the greatest simplicity of structure. 
They assume various forms. Some spread out like a leaf-— 
simple, lobed, or branched; others present a crest-like shape, 
and some— like the mushroom— have a stalk, cap, and gills. 
'Hiey have, however, no aans or stem distinct from a leaf, but 
the two are combined together, as it were, and perform the 
oflflee alike of leaf and stem. l%ey are without woody fibre, 
the entire plant being composed only of cellular tissue. 

Acrogem grow by additions to their summit. In them 
the stem is really formed from the bases of the fron^ or 
leaves, which carry up the growing point with them, growth 
after growth. The simplest form of an acrogenous, stem is 
«een in mosses and ferns. In our country ferns do not shew 



endogenous trees of tropical climates. It rises from 20 to 30 
feet high, and is of nearly equal diameter throughout. A 
cluster of leaves is shown on the top. The lower one is hang- 
ing down, already witliered. It will by and by drop ofi', as 
its predecessors have done, leaving their bases to form the 
outer covering of the new part of the stem. In the middle of 
the cluster is seen a terminal hud. It will be next developed, 
rise up, become a now cluster, and be similarly pushed away 
by its successor. 

Plants of this description can never attain gi'eat thickness, 
but may arrive at great height. Certain species of the palm, 
with whose forms we are familiar in pictures of tropical and 
Eastern scenes, reach a height of 100 or even 200 feet, with a 
very moderate thickness at their bases. 

It also results from the structure of endogens that the 
hard unyielding case which their external layers form, will 
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become filled with the more recent growths, until the vascular 
tubes are so compressed that the juices can no longer How 
through them, and the tree dies for want of nourishment 
The age of these trees is consequently limited; two or three 
centuries is their utmost space, while exogenous trees have no 
such bounds set to their growth^ — the oak and the yew espe- 
cially living for 600 or 700 years. Owing to the absence of 
those concentric rings which are seen when an exogenous 

tree is cut across, it is im- 




Fig., 10. 
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possible to determine with 
accuracy the age of endo- 
gens ; the only data we can 
guess from being the number 
of scars left on the outside 
after the annual decay of the 
top bunch of leaves. 

Exogens possess the most 
perfect and elaborate stems. 
All the active processes of 
plant-life are in them carried 
on in the outer layers of the wood. Zone after zone the new 
matter girdles the old with woody tissue. This enables us to 
understand how such plants can live and put forth new 
branches, though (as we often see in the trunks of old trees) 
the centre part is completely hollow and decayed. Fig. 11 is a 
plan of an exogenous stem cut across. It presents four distinct 
sets of parts — p, being the pith ; 6, the bark, in three layers, 
the inner being represented as continuous with the medullary 

Fig. 11. 



rays m; and w, the wood, consisting of woody fibre and vascu- 
lar tissue intermingled. 

The pith is a mass of cellular tissue, through which nourish- 
ment is sucked up, as tlirough a sponge, before the vessels of 
the plant become formed, so as to carry on its normal circu- 
lation. It is found in all shoots or branches, and is in them 
of use; but in older branches, and in stems, its place is sup- 
plied by vessels fonned to carry the juices up from the ground, 
and it very generally shrivels and shrinks away to nothing. 
In umbelliferous plants like the cow-parsnip the young shoots 
are filled with pith, while in the stems it has shrivelled up 
so as to leave them quite hollow. 

The hark is the external covering of the stem, lying imme- 
diately over the wood, to which it forms a sort of sheath, and 
from which it is always diwStinctly separable. Its consists of 
three layers — epiphloeum, mesophlceiim^ and endophlos/um. 

The epipKlcmm^ outer or suberous layer of hark, consists 
of fiat tabulated cells. In some instances it is very thin, 
and in others largely developed in a thick corky layer, which 
readily separates from the series below it, as in the cork. 

The raesophlcmm^ or middle layer, is generally developed 
to a less extent tlian the outer. It consists of cells differing 
in form from those of the epipliloeum, with thicker walls and 
intercellular spaces, as in the larch. The laticiferous vessels 
occur in this series. This layer is occasionally much developed. 

The eTidophlceum^ or liber, is the fibrous or vascular layer 


of the bark ; it is the bast layer, so useful for textile purposes. 
During growth it separates into a kind of network, as in the 
lace bark and Cuba bast. 

New hark is formed every year under the old, and there- 
fore next the wood. As this new bark grows within that of 
the previous year, the latter, which is pushed outward, must 
more or less be extensible, according to the natui-e of the tree. 
There exists, however, a limit to the extensibility of old 
layers of bark; and when this is passed, the outer bark 
either splits into deep fissures, as in the oak, the elm, the 
cork, and most European trees, or it falls away in broad 
plates (as in the plane), or peels off in long tiiin ribbons, as 
in the birch. 

A layer of bark, consisting both of cellular integument and 
woody fibre, is formed every year. It follows tlierefore that the 
age of a tree ought to be indicated by the number of such 
zones in the bark, just as it is indicated by the successive 
grains of the wood. But the arrangement of the zones is 
often disturbed, and the dis- 
tinction between them be- 12 . 

comes so imperfect tliat, even 
where the outermost coating 
is still entire, it is scarcely 
practicable to count them ; and 
as soon as the outside begins 
to peel oft' all certainty as to 
number of zones disappears. 

An evident proof that the bark 
grows from witliin is, that if a 
piece of iron be introduced just 
into the innermost bark or 
liber of a tree, in process of 
time it will be found protruded 
to the surface, and will at 
length fall away. A more ob- 
vious proof is, that a name cut 
in the bark of a tree by and 
by disappears; the letters get 
broader from the separating of 
their edges by the increased 
girth of the tree, their depth 
fills up by the new growth from 
within, and they finally fail off and disappear. That the nourish- 
ing juices rise through the woody vessels, and having been 
purified in the leaves, descend in the vessels of the inner bark, 
is proved by cutting a ring of the bark out, down to the wood, 
round part of a tree; the upper edge of the cut will be seen 
to grow, while the lower edge wiU remain stationary. 

The bark of numerous plants bears certain appendages to 
which the generic name of trichome has been given. These 
consist of ceils arranged in column or in mass, and the most 
usual forms are shown in Plate IV., as follows: — Fig. 1, 
tendrils; 2, prickles, aculeate; 3, pulvinus (the cusliiou-like 
swelling occm-ring at the base of a leaf); 4, bracts; 5, spines; 
6, spines, branched, petiolate; 7, hairs, glandular; 8, verti- 
ciUaster (a false whorl formed in Labiates by the presence of 
short stalked or sessile cymes in the axil of opposite leaves); 

9, glands (wart-iil^e swellings formed on the surface of plants); 

10, glands, petiolate; 11, hairs, simple, ciliated; 12, inciso- 
dentatus, having slashed toothings; IS, septifragal dehiscence 
(fruit with hairs); 14, bractiets (bracts of a second order, 
usually smaller and more changed than the true bract); 15, 
tricoccus, fruit consisting of three cocci, or elastically dehis- 
cing shells with prickles (fruit with prickles); 16, echinatus, 

^ furnished with numerous rigid hairs or straight prickles (fruit 
with spines). 

j When stems are old, the bark generally bears but a small 
proportion to the thickness of the -wood; yet, in some in- 
stances, its size is very remarkable. The bark of the cork 
tree is to be seen two inches in thickness, and the bark of an 
exotic fir has been brought to Europe not less than a foot thick. 

medullary rays are the thin vertical plates seen con- 
necting the pith with the bark. They are purely cellular, 
containing no vessels. 

The woody tissue consists of fibres of vessels, occupying the 
.space between the pith and the bark, divided into compact 
wedge-shaped vertical plates, whose edges rest on the pith 
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and the bark, and whose sides are in contact with the medul- 
lary' rays.' 

In the shoot the cellular tissue of the pith and the bark are 
in contact; they are, in fact, but one substance, coated over 
by the epidennis. But the vascular system, with the woody 
fibres, as it forms, gradually interposes itself between them, 
tin, after a few weeks, they are distinctly separated, and come, 
in aged trees, to be separated by a thickness oi wood occupy- 
ing several feet. In the twig of one year old (fig. 21, 1), the 
pith is seen surrounded by a layer of wood, by a layer 
of true bark, and by a layer of cuticle. The first layer of 
vascular tissue, formed between the pith or medulla and the 
bark, is the medyUary sheath (figs. 1 2m and 21m). It re- 
mains next the pith ever afterwards, and the woody tissue 
forms on its outiSde. But wliile the first layer of vascular 
tissue is being deposited, it does not become interposed be- 
tween the pith and the bark so as to separate them com- 
pletely and form a perfect cylinder between them; it only 
displaces a quantity of the cellular tissue which joined them 
together, pushing it aside and compressing it into thin vertical 
plates (see fig. 13). As the vascular system increases, these 
plates increase outwardly, so that a horizontal communication 
between the centre and the circumference is still maintained. 
These medullary ra.ys are called by cabinet-makers the siher 
grain. In a transverse section they are seen in fine lines 
radiating from the centre to the circumference (fig. 13); in 
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longitudinal section they produce that glancing satiny lustre 
wliich is more or less discoverable in all woods, and gives to 
some of them a character of remarkable beauty, as in ma- 
hogany and satin wood. 

Wood in a few years acquires a colour different from what 
it possessed when first deposited. It becomes duramen or 
heart-wood. For instance, in the beech it becomes light 
brown; in the oak, deep .orown; in Brazil-wood, green; and 
in ebony, black. It was originally colourless in all these, and 
owes its different tints to matter deposited gradually in all 
parts of the tissue, as may he easily proved by throwing a 
piece of heart- wood into nitric acid, when the colouring matter 
is discharged and the tissue recovers its original appearance. 
That part of the wood which, being last formed, is interposed 
between the bark and the heart- wood, is called the alhirnwm. 
Even of logwood, the alburnum is as wliiteas fir. The heart- 
wood is much more durable than the alburnum, and is selected 
for any work that is wished to last well. 

It is not easy, as we said, to guess the age of an endogenous 
plant, because it attains its greatest thickness rapidly, and 
afterwards only continues to grow in height — the new vessels, 
towards the centre of the stem, compressing those towards 
the outside. On the contrary, it is easy, theoretically, to de- 
termine the age of an exogenous growing tree, as the number 
of rings represent exactly the number of years it has been in 
existence. Except in the fir, however, and some other trees 
of very regular form, absolute accuracy is scarcely possible. 
In certain circumstances, probably of unequal, expovsnre to 
the sun and weather, trees grow unequally, one side being 


much thicker from the centre than the opposite one. It is 
also much less easy to draw, a correct cuuclusion from ex- 
amining tress in warm climates than those iji a temperate 

or frigid zone. 

Bvds are the means by wliicli leaves, branches, and flowers 
are formed. They are a sort of germ, originating within the 
stem, from the surface of wiiicli they protrude ultimately and 
become developed. They usually consist of small soales or 
rudimentary leaves. These are closely wrapt around an axis, 
which is (1) eiti'ier the termination of the stem and in a line 
with it, or (2) sending off at a certain angle. Within these 
scales there are other leaves, destined to be more highly de- 
veloped than those wliioli merely serve for the outer covering, 
and are either (1) to extend into branches, or (2) to ex|')and 
into flowers. The protecting scales are frequently covered 
with down, which perhaps may aid in keepii'ig out the cold; 
others are coated with gluten, an effectual protection against 
moisture, as in tlie horse-chestnut. 

Buds may be either terminal^ that is, at the end of the 
stem, or lateral^ at its sides. Terminal 
buds are not general, for by them the 
growth of the stem or branch is put an end 
to — the bud breaking into a head of 
flowers. In most cases buds are formed 
where the leaves unite with the stem. 

They are generally situated immediately 
above the aodl (armpit) of the leaf, that 
is, between the stem and the leafstalk, as 
is the case with the lower one in fig. 

14. Buds may, however, under certain 
circumstances, be developed from any 
part of the stem. These are called 
irregular or adventitious buds, and are 
always found on the end of a medul- 
lary ray. By this means their connec- 
tion with the central pith is maintained. 

I The branches or subdivisions of the 
stem are merely extensions of the trunk, for the support of 
the leaves and parts concerned in fructification. They present 
the same structure as the stem. In general, they come off 

Fig. 15. Fig, la 


irregularly; but sometimes in two opposite ranks, and some- 
times in four. In trees we observe four different ways in 
which they diverge from the stem. They may be (1) patent 
ox spreading (fig. 15), as in by far the most of our trees; (2) 
horizontal or divergent (fig. 16), as in many of the pines; 
(^) appressed or inclined towards the stem, as in the Lombardy 
poplar (fig. 17); and (4) pendulous or drooping^ as in the 
pendulous beech (fig. 18), or the weeping willow. 

While yet very young, branches are denominated shoots; 
and when they arise from underground stems, and their leaves, 
instead of becoming developed, put on the form of scales, as 
in the common asparagus (fig. 19), the shoot is called a turio, 
i.e. sprout or tendril 

Branches are found on the stem of very many plants — 
especially of those w^hich belong to the division of dicotyledons. 
But endogenous monocotyledonoiis plants do not generally 
: put forth branches, and most monocotyledonous trees (as the 
' pahns) are without them. Branches have precisely the same 
i organization as the stem, and may, in fact, be considered as 
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so many partial stems ingrafted on the main trunk. They 
originate from buds, and their arrangement round the stem 
depends upon the arrangement of the leaves, because the 
buds are placed in the aMls between these and the stem. 
Branches are never, however, arranged so symmetrically as 


Fig. If. ^ Fig. 18 . Fig. IS. 



leaves, because a great many buds are never developed at all 
The unfavourable circumstances under which many are placed, 
insufficiency of air, moisture, or light, cause especially those 
which originate on the lower parts of the stem to be either 
stunted or abortive. 

When a bud has been formed, but lias not grown into a 
branch, it still continues to live, and (carried out with the 
increasing bulk of the stem) awaits at the surface for a proper 
opportunity to break into a branch. This is the principle on 
which every gardener regulates the pruning of his trees. If 
a transverse section of a stem (fig. 20) be made where an 
undeveloped bud is seen to protrude, it will show the course 
the bud has followed as it passed from the centre outward, 
marked by a line or wake traversing the several layers. 
Hence, hranclm of the same age and size may be originated 
from which have been formed at very different periods 
of the tree’s growth. The accompanying cut, fig. 21, shows a 


pronouns. The former are used entirely alone, Mice substan- 
tives, and do not always change their termination to indicate 
gender; the latter may be used joined to nouns like adjectives, 
and usually agree in gender with the noun they accompany 
or replace. (In ffict when they are, joined to nouns many 
grammarians consider them adjectives.) For simplicity we 
will treat them together. 

Pronouns are divided into six classes, viz.— I. ■.Personai, 
II. Possessive, III. Demonstrative, IV. Interrogative., V. Re- 
lative,- VI. Indefinite pronouns. 

The personal pronouns and the two interrogative and rela- 
tive pronouns mer and are invariably substantive; the 
possessive pronouns invariably adjective. All the others — 
demonstrative, interrogative, relative, and indefinite- — are used 
both as substantive and adjective pronouns. 

1. Personal pronouns point out (1) the person speaking. 
(2) the person spoken to, and (3) the person or tiling spoken 
of, and therefore are called pronouns of the first, second, or 
third person. The German pronouns for these three persons 
are — for the first, i6)t I ; for the second, bU/ thou ; for the tliird 
(mas.), etf he, (fern.) fie^ she, (neut.) eg/ it; the plural, luir, we; 
t^r or you; fie/ they. The declension of the personal pro- 
nouns is of ancient form. It cannot be subordinated to any 
general scheme, but is, on the contrary, quite peculiar. They 
are declined as follows : — 

PERSONAL PRONOUNS. 


FIRST PERSON. 


I Singular. \ 

Plural. 



1. 

N. SBit; 

we. 

Q. SDlemet/ 

of me. 

0. Unfet/ 

of us. 

D. SKir, 

to me. 

D. Un6/ 

to us. 

A. sDlid), 

me. ’ 

A., Un§., 

US- 


SECOND 

PERSON. 


Singular. 

Plural, 



thou. 

Ab 3br or ©ic/ 

you. 

G. Seiner/ 

of thee. 

G. (Suer or 3|rer/ 

of you. 

D. Sit/ 

to thee. 

D. (5ud) or 3bnefl. 

to you. 

A. ©id)/ 

thee. 

A. (gud) or ©ie, 

you. 


THIRD 

PERSON. 



Smgular. 

Plural 












lip 

imaKyj i 




oud seated on a one-year-old branch (1); this branch is placed 
on another (2) which is two years old, and which originated 
from a bud the same age as b, which has not yet become de- 
veloped. 


THE GERM Ai? LANGUAGE.— CHAPTER VI 

PRONOUNS — SUBSTANTIVE AND ADJECTIVE : PERSONAL, POS- 
SESSIVE, DEMONSTRATIVE, INTERROGATIVE, RELATIVE, IN- 

Pronouns are used instead of nouns to avoid repetition. 
They may be divided into (1) Substantive and (2) Adjective 


Mas, Fern. Nent. M.F.N. 

F. he. @ie/ she. it. ©ie, they. 

G. Seiner/ of him. of her, Seiner/ of it. S^)rcr/ of them. 

i>. S^m/ to him. to her. i 5 t)m/ toit. S^neu/tothem 

A. Sim him. <Bkt her. it ©ic/ them. 

The second personal pronoun, bu, is only used in regard to 
members of the family, relations, very intimate friends, and 
b childi'en, or towards inferiors in indica- 

3 tion of contempt 

fJM Wlien Germans speak to strangers, to 
mere acquaintances, or to any person who 
W deserves respect, they employ the plural 

/i Ji of the tliird personal pronoun, and when 

the tliird personal pronoim is used in this 
way for the second it is always written 
• with a capital letter; thus ©ie means '^ou, 
but fie means iAe?/; as Sd) Eenne ©ie niffit 
I do not know you; 3c| itiu 3l?nen 
gebem I will ^veit you; ®eben ©ie mir 
meinen «|)Ut/ Give me my hat; 3d) bante 
3|iien/ 1 thank you. 

When two or more personal pronouns (in different cases) 
come together the is put first, the direct object next, 

mA the indirect object last; as ®eben ©te (subject) ti (direct 
object) i|m (indirect object), Give (you) it to him. 

The genitive case of the personal pronouns, in both num- 
bers, is limited in its use. It occurs after certain verbs; as 
er ladbet meinet/ he laughs at me; id) fd)ame mid) beiner/ I am 
ashamed of thee. The plural genitive is put after numerals, 
and after uiel and menig; as unfer smMf/ twelve of us; unfer 
menig/ few of us. 

Personal pronouns must agree in gender with the words for 
wiiich thev are used as substitutes; as ^er Sag tft Hat/ abet 
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'm 

n ifl: nid)t fd)6n/ The day is dear, but it (he) is not fine ; £)te 
@oiine fd)eint/ afeer fie t{l ntd)t wavmf The sun shines, but it 
(she) is not warm; Sag f ferb i|i gtof, aber eg ift ni^t fdion; 
The horse is large, but it is not handsome. Sudi pronouns, 
however, as refer to diminutives (which are almost always 
neater in gender) generally agree with the natural sex of the 
being to which they refer; as SSSag mad)t ii)r ©bi)nd)en je^t? 
Sft er luieber bepr? How does your little boy nowl Is he 
better again ? £)ag tleine ?0^dbd)en meint meil fie ihre ^Hfutter 
'oerloren bat; The little maiden weeps because she has lost her 
mother. 

The neuter pronoun eg serves to denote the action of im- 
personal verbs; as eg regneh it rains; eg bonnerb it thunders; 
but it is often also employed as an expletive, more to aid the 
sound than the sense of the sentence. In such a case it 
stands 'ooth before and after verbs, singular and plural, and 
corresponds to the English use of it or there^ and like them 
serves to throw the nominative after the verb, which always 
agrees with the latter; as eg finb SSogel, they are birds; eg 
finb ^afeu/ they are hares; eg finb Bogel bo/ there are birds 
there; eg finb ^pafen ba, there are hares there. When, how- 
ever, eg is used witli a personal pronoun the arrangement of 
the words is quite the reverse of the English. In the follow- 
ing expressions the difierence between German and English 
is shown — 

3d) bin eg^ it is I. 'SBir finb eg, it is we. 

iDu bijt eg, it is thou. 3i)r feib eg, it is you. 

(it (fie) ijt eg, it is he, she. @ie finb eg/ it is they. 

@g is often contracted to ^g, as id) bin^’g, it is I. 

The third personal pronoun, eg, is rarely used after a pre- 
position : in such a case ba, there, is used instead of it, and ba 
and the preposition form a compound word like the English 
therewith, thereto; e.g. 3cb bin bamit sufriebcn, I am therewith 
contented, or contented with it. If the preposition ends with 
a vowel the letter r is placed after it ; e,g. barin, therein. 

In the first and second persons the accusative or dative of 
the personal pronouns are used as reflexive pronouns; as id) 
freuc mid), I enjoy myself or rejoice; bu frcujt bid), thou en- 
joyest thyself; mir freuen ung, we enjoy ourselves; if)r freut 
eud), ye enjoy yourselves. But for the dative and accusative 
of the third person (instead of ii)jn, i^n, i^r, fie, ii)nen, and 
fie) fid) is used for all genders; as er (or fie) freut fid), he (or she) 
enjoys himself (or herself); fie freuen ficb, they enjoy them- 
selves; er giebt fid) (dat.) i)}iube, he gives himself trouble; fie 
geben fid) (dat.) they give themselves trouble. 

Almost all reflexive verbs require the accusative; only a 
few tile dative. 

The plural fid) is also used in a reciprocal sense; as bie ^unbe 
beifen fid), the dogs bite each other. But as fid) might sig- 
nify themselves, the Germans also use the word einanber, one 
another; as fie Iteben einanber, they love one another. 

Sometimes, for emphasis’ sake, the word felbfl:, self, is joined 
to the personal pronouns; as id) felbfi, myself; bu fclbfi, thy- 
self; er felbft, himself; fid) felbfi, one’s self; mir felbft, our- 
.selves, &c. 

0clbft (or felber) either follows a noun or pronoun, or is 
placed at the end of the clause; as fclb’jl: fagte eg 

miXf or fagte eg mir felbjl. Your son himself told me it. 

II. Possessive pronouns imply that the object to which 
they are joined, or which they represent, is in the possession 
of some special one of three persons — the person or persons 
(1) speaking, (2) spoken to, or (3) spoken of. They are formed 
from the genitive of their respective personal pronouns, the 
latter assuming the form of adjectives, and are therefore 
lightly denominated possessive adjective pronouns. They 
always, except in poetry, precede and qualify nouns. 

POSSESSIVE PliONOUNS. 


SINUULAB, 


Per, Mas. 

Fern. 

Neut. 


1. mein, 

meine, 

mein, 

my. 

2. beiU/ 

beine, 

betn, 

thy. 

3 Jf'®' 

feine, 

fein, 

his, its. 



ibt/ 

her, its. 


PLURAL. 


Per. Mas, 

Fern. 

Neut, 


1. unfer, 

- feuer, 

iiiifere, 

unfer, 

our. 

eure, 

eiieiv 

your.. 


3'^ter 


your. 

3. tt)r, 

i|re, 

i|r, 

their. 


* When used to addi'ess one or more persons. 


The possessive adjective pronouns agree in number, gender, 
and case with the substantives which they qualify. They are 
declined after ^Ixe strong declension of adjectives, but have, 
like the indefinite article, no inflexional termination in the 
nominative singular masculine, or in the nominative or accu- 
sative singular neuter. 


Mas, 

N. mein, 

Q. metn^eg, 
D, mein^em, 
A. mein^en, 


SIXOITLAR. I PLURAL. 


Fern. 

Neut. 


1 M. F. N. 


meinse, 

mein, 

my. 

\ meinse, 

my. ' 

mein-er, 

mein-eg, 

of my. 

1 mein?:€r, 

of my. 

mein-er. 

metn^^em, to my. 

1 meinsen, 

to my. 

mein^e, 

mem, 

my. 

! meinse, 

my. " 


SINGULAR. 

Mas. Fern. Neut. 


PLURAL. 

M. F. m 


iV. 

unfer, 

unfer^e, 

unfer, 

our. 

a. 

unferseg, 

unferser, 

iinferseg. 

of our. 

D. 

unfer^cm. 

iiufetser, 

uiifersem, to our. 

A. 

unfersen, 

unferse, 

unfer, 

our. 


unferse, our. 
unfer-eiv of our. 
uiifers:en, to our. 
unfcr^^e, our. 


The following phrases ^viil show the way in which shf 
possessive (adjective) pronouns are declined with nouns: — 


SINGULAR. 

K mein Iteber Skater, 

G. meineg Iteben ^aterg. 
D. meinem Iteben SJater. 
A. meinen Iteben ^atei% 


#. betne gute ©d}mejler. 
G, heitm guten ©d)U)et1:er. 
i). beiner guten @d)n)e|ter. 
A. betne gute ©cfemejler. 


K fein blaueg dCleib, 

G. feineg blauen dtleibeg, 
D. fcinem blauen .tleibe, 
A. fein blaueg M'ieih. 


PLURAL. 


mcine iteben ©dter. 
metner Iteben Sdter. 
meinen Iteben I8dtern, 
meine Iteben iSatet. 


betne guten @d)mejlern. 
betner guten ©d)mejlern. 
bcinen guten ©toeflern. 
betne guten ©d}mejlern. 


feine blauen ^deiber. 
feiner blauen ^tleibet. 
fetnen blauen Jtleibern. 
feine blauen dtleiber. 


my dear father. 


thy good sister. 


Ms blue dress. 


In sentences like the following: — “ He is a friend of 
“ an acquaintance of ours” the possessive pronouns are not 
used in German. In such cases the personal pronouns are 
used; as er tji ein greunb non mtr, he is a Mend of me;: stn 
Sefannter oon ung, an acquaintance of us. 

When possessive pronouns are not immediately joined to, 
but refer to and stand for, nouns already mentioned or under- 
stood, they may assume one or other of three different forms, 
viz,: — 

1. In a declension like the definite article, i.e. one in which 
they add the strong inflexion in all the cases. It differs there- 
fore from the adjective possessive in form only in the nomi- 
native of the masculine and neuter and the accusative neuter 
—the only cases in which that pronoun has not the strong 
terminations. 

2. In a declension with the weak terminations and iiaving 
the definite article prefixed. 

3. In a declension similar to the second form, but having 
the syllable ig inserted before the weak termination. 


First Forrii.- Second Form. Third F ornu 


AL mciner, ' 

i 

oer mcine, ' 

) 

Oer meinige," 

1 

F. meine, 

‘■mine. 

bie meine, 

Vmine. 

bie meinige, 

>mine. 

N, meineg, ^ 

) 

bag meine, ^ 

1 

bag meinige,^ 

1 

M. beiner, 

thine. 

ber beine. 

fchine. 

ber beintge, 

tMne, 

M, feiner, 

Ms, its. 

ber feine, 

his, its. ber feinige. 

Ms, its. 

if. il^rer, 

hers. 

ber ibre, 

hers. 

ber ibrige, 

hers. 

M. unferec, 

oui-s. 

ber unfere, 

ours 

ber un frige, 

ours 
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First Form. Second Form. Third Form. 

M. tvLtzit yours, ber cure/ yours, ber ettrigc, yours. 

M. S^rer/ yours, ber S|)re/ yours, ber S^)nge/ yours. 

M. x%xzti theirs. bcr{f)re/ theirs, ber i|)rige/ theirs. 

The following examples will show how they are declined 
throughout all their cases in these several forms : — 

SINOUUAE. PliURAI/. 

Mas. Fern. Neut. M. F. N. 

L iVl member/ meinse/ meltiscg, meinse. 

G. meinseg^ mein^er/ metn^eS/ meinser, 

Z>. mein^em/ meins^er/ mein^em, meinsen. 

meinstf mein^eS/ meinse. 

2 . A’", ber mefee/ bte metuse/ ba§ mein=e, btc mctn:sen. 

G. beg meintfeiT/ ber memseti/ beg mzm^zxif ber mein^en. 

D. bem metn^n^ ber meinscn/ bem metnsen, ben mcin=en. 
A. ben meinssen/ bte metnse/ ba§ meinsc/ Me meinsen. 

3. ber meinsstse/ btc mcinAge^ bag metn^ge/ bie meinAgenv 
G. beg metn4gcn/ bermetn4gen/ beg mein4gen/ ber meinsagen. 
D. bem metn4gen/ ber metn4gen/ bem metn4gcn/ ben memstgen. 
A. ben mein4gen/ bie mein4ge/ bag mein4ge/ bie mein4gen. 

Here also S?)rer/ ber S^re, ber 3|)rige (with a capital S) is 
the usual way of expressing yours. 

The first form, as at once the briefest and the least formal, is 
most usual in conversation; the others in literary composition. 

The possessive pronoun must also always correspond with 
the personal pronoun which is used when speaking to a per- 
son; e.g. bu corresponds with bein/ i|)r with euer/ @ie with 
S^r. ‘ 

^ie SDtcinigen/ 2 )einigen/ Si)tigen/ &c., in the plural number 
signify those persons or things {e.g. family, property, &c.), be- 
longing to me, thee, you, and are then written with a capital; 
as Sr unb bie ^einigen befinben fid) moi)l/ He and his family 
are well. 

III. Demonstrative pronouns point out the objects to which 
they refer. They agree with them like adjectives. Among 
the most common are — 

bicfer/ biefe^ biefcg/ this (near at hand). 

jener/ jene/ jencg/ that (remote). 

ber/ bie/ bag/ this, that (in either position). 

S) iefer and jener are both declined like the definite article. 
SJiefeg is often contracted into bieg. 

T) er/ when used a noun, is the definite article, but 

when used of a noun it is a pronoun, and has some 

peculiar forms for the genitive and for the accusative plural; as 



SIHGUI/AE. 


PLUBAU. 

N, ber/ 

O', bejfctt/ 

bic/ 

bag. 

bie. 

beren/ 

bejfen. 

berer or beren. 

D. bem/ 

ber/ 

bem. 

benen. 

A. ben/ 

bie, 

bag. 

bie. 


It this ot that is separated from its subject by the verb 
to he it takes the neuter form of the singular without regard 
to the gender or number of the following noun; as biefeg 
i|i mein ^nabe/ this is my boy; but bicfcr^^nabc i|t mettt/ this 
boy is mine. 

liefer and jener are frequently employed to express con- 
trast or comparison; jener then answers to the English the 
former, and biefer the latter; as S)er dlterc SSruber ijt TCrjt unb 
ber jfingere tfl .taufmann 5 jener bat eine jablrctcbe gamiltc/ biefer 
ijt unuerbeiratbet/ The elder brother is a physician and the 
younger is a merchant; the former has a numerous family, 
the latter is unmarried. 

The remaining demonstrative pronouns are— 

berjenige/ biejenigc/ bagjenige, that, the one, &c. 

berfelbe/ biefelbe/ bagfelbc/ the same. 

ber ndmlicbe/ bie n&mlicbc/ bag n&mli(be/ the same. 

The student will at once observe that these are compound 
words; both parts are declined, and it is done in the way laid 
down for the definite article followed by an adjective; as 
von. X. 


SINQULAE. ' PliURAL. , 

Masc. Fern. Neut. 

#. bcrfelbc/ biefetbe/ bagfelbc/ biefelbem the same. 

G'. begfelben/ berfelbeu/ begfetbeu/ berfelben/ of the same. 
D. bcmfelbem berfclbem bemfetben/ benfclben/ to the same. 
A. benfelbcm biefetbe/ bagfelbe/ biefetben/ the same. 

These forms are not so independent as the three (biefer^ 
jener/ and ber) above mentioned, for they do not usually stand 
alone, but should be followed by a possessive or relative 
clause; as 

berjenige/ mcliber fommt/ he who comes, 
biejenige/ mclcbe fpre(ben/ she who speaks, 
bagjenige/ metd)eg id) meinc/ that which I mean, 
biejcnigeu/ n)eld)e bereit finb/ those who are ready. 

IV. Interrogative pronoum are used in asking questions. 
They may be either adjective or substantive. The former 
are also used as relative pronouns, Eeal interrogative pro- 
nouns are of the substantive kind, and are mer/ who, for the 
masculine and feminine, and mag, what, for the neuter; but 
the interrogative pronouns are usually given as mer/ who; mag. 
what; metier/ meldieg/ which, what. 

DEOLENSION. 

Mas. and Fern. Neut. 

N. xQtXf who. irag/ what. 

G. meffeu/ whose. meffeu/ of what. 

D, mem/ to whom. mag/ to what. 

A. men/ whom. mag/ what. 

fBeld^er is declined like the definite article, and is used be- 
fore nouns, while mer is used alone or before verbs; as 

2Bel(^er ?0tann? Which man? 

^el4eg 'f>aug? What house? 

SQSer ijl biefer SDtann? Who is this man ? 

9 GBer ijl: biefc gran? Who is this woman? 

fSSejfen ^aug tjl: bag? Whose house is this? 
fSSem fc^reiben @ie? To whom do you write? 

SGScn fu^en @ie? Whom do you look for? 

^ag fagen @ie? What do you say? 

The pronoun mag/ accompanied by the preposition ffir and 
the indefinite article eiu/ may be employed as an interrogative, 
and answers to the English “ what kmd-of a,” but the noun 
is not necessarily put. in the genitive case. 

SSJag and ffir are invariable, but ein varies to agree with 
the gender, number, and case of the noun it refers to; as SBag 
ffir ein @olbat iji jener? What sort of a soldier is that one? 
Sn mag ffir etnem ^aug xoo^nt er? In what sort of a house 
does he live? 

In the plural the indefinite article disappears; as SSSag ffic 
iOtdnner? What kind of men? ISag fSr ^fcrbe? What kind 
of horses? 

When used without a noun the nominative shows the gen- 
der; as SBag ffir einer? SSag fiir cine? SOSag ffir cincg? 

fSag followed by aud^ in the same sentence signifies the- 
English whatever; as mag @tc au<3^ fagen mbgen, whatever 
you may say. 

V. Relative pronouns refer to some person or thing previ- 
ously spoken of ; they are meld^er/ mcld)e/ mcld()eg, and bet/ tie/* 
bag. They are declined as follows:-— 


SIXGUIiAB. 


PliURAIi, 

Mas. 

Fern. 

Neut. 

M.F.N. 

N. melc^er/ 
G. beffen/ 

D. meldicm/ 
A. mel 4 en/ 

melc|)e/ 

beren/ 

meld)er/ 

met^e/ 

beffen/ 

meldiem/ 

mel 4 eg/ 

melcl^e/ who, which, that, 
beren/ whose, of which, 
mcld)en/ to whom, to which, 
whom, which, that. 

W. ber/ 

G. bcjTcn/ 

D. bem/ 

A. bem 

biC/ 

beren/ 

ber/ 

bie/ 

bag/ 

beffen/ 

bem/ 

bag/ 

btC/ who, which, that, 

beren/ whose, of which, 
bencu/ to whom, to which., 
bte/ whom, which. 


These pronouns agree in gender and number (but not in 
case) with the nouns they refer to; as ber fSRann bcjfen ^inb 
ijl |)ier/ the man whose child is here; bie grau mclc!()e (or btc) 
43-44 
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tc^ fa^; the woman (whom) I saw; bte Seitte beren <|>dufer ftnb 
oerlbtannt/ the people whose houses are burnt. 

§Belc{)e in the plural is familiarly employed for some or any; 
as ^aben @te iuelc^e? Have you some? 

If a sentence begins with a relative pronoun the verb is 
in simple tenses placed at the end; as ba^ ^uc^) ^te 

kfett/ the book you read ; but in compound tenses the auxi- 
liary verb closes the sentence: ber ^ontg^ icl) gcfel^en 

§abc/ the king, whom I have seen. 

Eelative pronouns must always be expressed in German 
and never understood. Eelative pronouns often combine 
with prepositions which precede them, so as to form single 
words ; e.ff, momit (mit with which, or wherewith ; 

mofih, wherefore, or for which. These contractions are also 
used interrogatively — mofiir? why? 

The relative pronoun in the genitive case must always 
precede the noun which governs it, just as the English word 
whose does. 

The interrogative mer is often used instead of berjenige 
n 3 clc!)er/ he who, and instead of ba^ienige «)el4cg/ that 
which; as SSScr jufriebcn t|l iji He who is contented 

is happy; fci)6n ijt ift nicf)t tnimer nri|ltc^), That which is 
beautiful is not always useful. 

VI. Indefimte pronoiim are used to express the vague and 
undefined ideas which we sometimes have concerning things. 

The following do not cliange to indicate gender, and are 
used substantively, i,e. they are not joined to a noun:— 


man^ 

iebermann/ 

jemanb/ 

ntemanb, 

ctmag, 

nic^tS/ 

felbjl (or felbec)/ 

einanber/ 

eintgc/ 

beibe^ 

mebrere# 


one, they, people, 
everyone, everybody, 
some one, somebody, 
no onej nobody, 
anything, something, 
nothing, not anything, 
self. 

each other, one another. 

some. 

both. 

several 


adjective; as Scb emcn fcbmar§en unb emeu braunerw 
I have a black coat and a brown one. 

In the same way the word some is often omitted; as ^|)ab€^ 
@ie Sabaf? Have you tobacco? 

EX 33 KCISE, 

■Oommit to memoi'j the following parts of ll:ie verbs [ein? 
to he^ and gebcn/ to give. Then carefully translate into Ger- 
man the following sentences and write them out, using 
meanwhile English letters, e.g,^ sie ist deine Sekwesie?'. 

After this is done compare the exercise with the .German 
translation given below, and underline and correct all mis- 
takes. 

Lastly, read each German sentence over repeatedly (aloud.) 
till each has become so familiar that on lo|>king at the English 
sentences the German translation can at once be given. 


icb 

bin/ 

I am. 

mir finb/ 

we 'are.'' 

bu 

bift/ 

thou art. 

©ie finb/ 

you are. 

er 

ift/ 

he is. 

fie finb/ 

they are. 


gebc/ 

I give. 

mir geben. 

we give. 

bu 

giebft/ 

thou givest. 

(^le geben/ 

you give. 

er 

giebt, 

he gives. 

fie geben. 

they give. 


1. She is thy dear sister. 

2. He is my dear brother. 

3. There is a dog in the yard. 

4. They give themselves much trouble for (ftir) it. 

5. He himself gives it to you. 

6. Our children are ail there. 

7. His blue coat is in your (c^at) room. 

8. Her girl is not so strong as (aB) yours. 

9. This stick is mine and that is yours. 

10. Wiio is the man who gives you such presents ? 

11. It is I who give it to him. 

12. Which child is ill ? This one. 

13. The man to whom you gave (gaben) it is dead. 

14. Give (you) it to those who are ill. 

15. One can not be everyone’s friend. 


Senianb and ntemanb are sometimes declined thus:-— 

N, jemanb/ somebody. D, jemanbem/ to somebody. 

Q, jemanbeg/ somebody’s. A, iemanben^ somebody. 

But usually they are treated like jebermann/ which generally 
takes i in the genitive, and does not change in any of the 
other cases; as eg iff jemanbg iCinb/ it is somebody’s child; eg 
gc^brt ntemanb, it belongs to nobody. 

When the termination eg is used in the genitive it is in 
order to avoid an abrupt sound; as eg iff bag Mirth jemanbeg/ it 
is somebody’s child. 

The other pronouns given above are indeclinable, but the 
oblique cases of man are supplied from the indefinite article: 
nom. man/ or etnec/ one; gen. eineg/ of one; dat. cinem/ to 
one; acc. einett/ one; as feagt man fo? Bo they (or people) 
say so? @g t'^ut einem letb, It makes one sorry. 

The following can be used substantively or adjectively: — 


etnet/ 

leinec/ 

teber/ 

aUet/ 

fotc^jer/ 

manc^CT/ 

irgenb einct/ 

mcmg/ 

biel/ 

b€r anbere/ 
bet namltcf)Ci 


dm, 

Itxm, 

jebe, 

alle/ 

folctje/ 

manege; 

irgenb cine/ 

menigc/ 

mU, 

bie anbere/ 
bie namlic|)e/ 


etneg/ 

fetneg/ 

jebeg/ 


alleg/ 

folc^cg/ 

manct>eg/ 

irgenb eineg/ 

menig; 

ml, 

bag anbere/ 
bag namlic^)e< 


one, some one. 
none. 

i every, each, any, 
{ every one. 
all, everything, 
such, such a one. 
many a, many a one. 
any, anyone, 
little; menige/ few. 
much; niele/ many, 
the other, 
the same. 


The two latter are declined like an adjective preceded by 
the definite article (gen. beg anberen^ dat. bem anberen/ &c.) 
The others are declined like the definite article (gen. jcbeg/ 
{cbet/ jebeg; dat. jebem/ jebet/ jebem/ kc,) 

Onds before a noun is expressed by fein;, : jas ^an li^bt 
fein ^unb. One likes pne’s dog. v ■ , 

; The English pronoun om is omitted in Geritiaii after an 


mANSLATIOISr. 

1. @ie if t beiite liebe <^i)mefter. 

2. @r iff mein lieber IBruber. 

3. @g iff ein •^unb in bem t^of. 

4. @ie geben fic^ riel baffit. 

5. (Sr fefbft giebt eg S^jnen. 

6. Unfere J^inber finb alle ba. 

7. ©ein blauer SEoc! iff in S1)rem dimmer. 

8. @ein ?0?abcl)en iff nic^t fo ftar! alg bie 3^rige. 

9. S)iefer 0tocf ift meiner nnb jener ift S|)rer. 

10. fScr iff bet mann ber Sl}ncn folcl^c @efc|)en!e giebt? 

11. ^dbt, 

12. SBelcl^eg .^inb ift fran! ? Siefeg. 

13. ^er 50?ann mem @ie eg gaben ift tobt 

14. dieben @ie eg benen melcle hant finb. 

15. ^an !ann nicl)t iebermanng greunb fein. 






ENGLISH GEAMMAE ANB COMPOSITION. 
GHAPTEE lY. 

PEONOiriTS DEFIFEB, OliASSIEIEB, EXPLAINED, AND 
EXEMPLIEIED. 

Lanouaoe, as we have it, is a growth. The convenience and 
inclination of the majority regulate its formation and govern 
its usages. The signs of thoughts are words ; but our thoughts 
are mainly of persons and tlimgs, and hence we tend to use 
our words as if they denoted rather than symbolized the per* 
sons or things which occupy our thoughts. Symbols are 
marks with understood meanings. In the progress of experi- 
ence these signs become so haMtually employed that in the 
course of time we can symbolize these symbols — ^as shorthand 
is the abbreviated representation of the written signs of 
speech. Habit and use make the employment of such simple 
contrivances easy, and the advantage derived from their 
adoption inclines and enables the mind to make further 
progress in the same lines of invention. It has been so in 
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many of the exercises of the mind, and notably so in grammar. 

A single adverb symbolizes a lengthy phrase, and a conjunction 
saves the repetition of many words. The pronoun is, perhaps, 
the most signal triumph of this intellectual ingenuity. 

Pronouns are usually and rightly defined as words used 
instead of nouns. In this way they enable us to avoid the 
repetition of the nouns for which they stand, and they might 
therefore, with some measure of appropriateness, be called 
nouns of the second order, or secondary representatives of 
persons and things. As nouns mark off and stand to the 
mind instead of things existing (or conceived to exist) in 
nature, so pronouns are the representatives of nouns or names, 
not the direct signs of things. Bach noun has its own defined 
and distinctive representative power stored up in the memory 
as applicable to experiences, but the pronoun may be used as 
the representative of an unlimited variety of nouns, and have 
not a distinct and unvarying, but only an accidental and con- 
ventional, representative character. The mind recognizes this 
as the function of the pronoun, by the necessity it continually 
feels itself under of referring from the pronoun to the noun, 
in order that it may know who or what is intended to be 
denoted by it If the pronoun is so placed or used timt this 
reference cannot be made with readiness and certainty, 
hesitancy is felt in accepting a statement, and obscurity is 
complained of when we are thus in a difficulty to understand 
decisively to whom or to what a pronoun refers. In addition 
to this special distinction between nouns and pronouns there 
is yet another and a most important one. Nouns do not, in 
themselves, connote their respective relation one to another, 
or indicate their presence or absence (really or ideally) as re- 
gards one or another of the persons or things they denote, but 
pronouns do. By pronouns also we can speak to or of per- 
sons or things whose names we do not know, or who — even if 
we did know them — are too numerous to he mentioned. A 
majority of the House of Commons can thus briefly designate 
themselves as *‘ we.” Meeting an unknown person on the 
road, to whom I also am a stranger, I can say, “Would yo% 
be so good as tell me the way to ” — ^any place I might be 
anxious to reach. As a member of a public meeting one 
might require to use the terms, “Let ws so unanimously 
declare resolution, and in such terms that they cskimot 
misunderstand us — that is, my friends, the proposal I make 
to yow.” It would be very difficult now to translate these 
phrases into equivalent ones, in which nouns alone were 
employed where the italicized pronouns are used. Pronouns 
therefore not only represent nouns concisely and precisely, 
but, as their representatives, do a great deal more for them 
tlian they can do for themselves. 

Every pronoun must be used as the representative of, or 
the substitute for, (1) the name of some person or thing; (2) 
for vsome person or tMng unnamed; or (3) for some pronoun 
previously used ; and with that understood or indicated 
name it must agree in having or suggesting the same 
number, gender, and case. Any carefully observant mind 
will notice tliat there are really these three forms of substi- 
tutionary representation: — 

(1) Substantive — without noun named, and instead of 
one; as, I am here; we have come; thou art the man; ye 
cannot enter. 

(2) Adjectively — as including not only a reference to a 
noun, but some quality connected with it; e.y. Whose book 
is this [book]] It m miTie r=my book]. The mistake is 
yours [ “ your mistake]. His [ = some certain and previously- 
named man’s] praise is in all the churches. Is the fault his 
or hers? [=:the result of some particular man or some 
particular woman’s conduct or action.] 

(3) Relatively — referring to some noun expressed or 
understood, implicitly known or requiring to be known; 
e.y. Who said so? implying. Some one said so; I require to 
know who? He that hath knowledge spareth his words == 
He spareth his words that hath knowledge, or A person 
sparing of his words hath knowledge. What hat have you 
got? implying, Of any special quantity of hats which particular 
oiie is it you have got? 

. Pronouns may be regarded as constituting three primary 
classes: — (1) Personal or Substantive; (2) Adjective; and (3) 
Relative. To these, however, for the sake of completeness. 
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we may add the following three subordinate classes: — (4) 
Demonstrative; (5) Distributive ; and (6) Indefinite; and 
several peculiarities in the use of special pronouns requiring 
notice are considered by grammarians as a Justification for 
recognizing three other subclasses— (7) Interrogative; (8) 
Refiective; and (9) Reciprocal. 

The idea of personation is taken from the Greek stage, 
where the dramatic characters wore masks while representing 
the persons in the play. The dialogue of the early stage 
plays was arranged so that the least possible number of speak- 
ing characters were employed. Two was the fewest, and 
these were respectively the first and second persons, while 
all other persons or things spoken about— by an ambiguous 
and somewhat inconsistent extension of the usage of the 
mxd persona (a mask or cliaracter) to comprehend things, 
animate or inanimate, usually excluded from the class person — 
constituted what was called the third person. In discourse 
one with another, grammarians grouped mankind and the 
things surrounding and interesting them into three classes, 
who might be cbnsidered as performing distinct parts in the 
drama of life. These are, the first person— the person (really 
or imaginarily present) who speaks to another (or others); the 
second person — the person spoken to; and the tliird person — 
the person spoken comprehending for convenience’ 

sake under this heading every kind of being that can become 
the object of thought, whether persons (properly so called) or 
other things to name which nouns are used, and the names 
of which pronouns may represent. 

1. Personal pronouns represent the names of persons. 
Of these there are five:^/, tho% he^ she, and it. I repre- 
sents the first, thou the second, and he, she, and it the third 
person. 

As the first and second persons are presumed to be in 
each other’s presence, there is no need for any sign indicative 
of sex in these pronouns; but in the third person, as in the 
greater number of instances the persons oi; things meant may 
not be present, provision has been made for indicating sex. 
He represents masculine, she feminine, and it neuter nouns. 
These personal pronouns therefore (1) act as substitutes for 
nouns, (2) denote presence or absence, and while doing so 
(3) hihlofite gender dt,xid (4) distinguish 

The personal pronouns are thus varied: — 

SlN(3mX.AB. Pltjeal. 

l^om. Poss. Obj. Noth. Pass. OhJ. 

lst Peraon,Masc. orFem. I Mme Me We Ours Us. 

2nd “ ** Thou Thine Thee Ye or You Yours Yoru 

('Masculiae, . He His Him 

3rd “ < Feminine, . She Hers Her > They Theirs Them. 

{Neuter. . . It Its It ) 

Personal pronouns are often used substantively (z.€. as 
nouns), and do not represent any special or particular per- 
son or persons. The difference between these uses wiB be 
seen in the following examples, viz. — Pronominally. James 
cannot succeed, because he [James] is slothful. Sulstantwely. 
He [the person] who is slothful cannot succeed. The pronoun, 
as representative of a noun, is subject to the same restrictions 
of number, meaning, &c., as the noun whose place it supplies; 
as, The reasonings of a logician ought to he accurate, for they 
are the results of the study of the laws of thought. They, in 
this case, represents the word reasonings, qualified by the 
consideration that they are those “ of a logician.” 

They, besides being the plural of aB three forms of the third 
personal pronoun, is employed in an indeterminate or general 
manner, in which usage it has no special reference to any 
particular person; as, They say the funds are falling. They 
(=?= people) who adopt such measures can scarcely be worthy 
of trust. 

We, you, and your are sometimes also used in a similarly 
indefinite way; as, profess that we love virtue — mean- 

ing, Everybody professes that they love virtue. The Bass 
lies before you as you look outward on the sea — where you 
means any person. Oh your satirical versifier, how I dislike 
him!— where your has the indefinite sense of any. 

The pronoun it, though generally included among the 
personal pronouns, is, strictly speaking, an impersonal one. 
Its use is very neculiar and difficult. Perhaps the following 
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remarks and examples may aid the student to employ it with 
accuracy:— 

I. It is the representative of any inanimate existence, 
as — 

“ The air . . . 

I blow it has been trifling with the rose, 

And stooping to the violet.” — N, P. Willis* 

% It is used as a vague embodiment of any circumstance 
or state; as, “ MetMnks it is good to be here.” 111 fared 
it then with Roderick Bhu.^' How goes it with you, friend 1 
It rains, &c. 

3. /r is often employed to form an easy and agreeable 
commencement of a sentence, either as (1) the introducing 
nominative to a clause or phrase, or (2) as the substitute of 
one; as, It was vain to contend against such a host of diffi- 
mlties* It was the heretics first began to rail. 

Thereis used in the same way and for the same purpose as 
it; as, There came a man to our house representing himself 
as your friend. 

4. It is sometimes enclitical after intransitive verbs ; as, 

I walked it all the way. He tries to lord it too much. 

“ Whether the charmer sinner it or saint it. 

If folly grows romantic, I must paint it.” 

5. It is frequently, though in an inelegant and pleonastic 
manner, employed as a nominative to the verb to he, followed 
by another nominative and a relative; as, It was Ben Jonson 
who wrote “ Every Man in his Humour.” It is in Britain 
alone that we find liberty without license. The italicized 
words are quite unnecessary to express the sense. 

6. It may even represent a masculine or a feminine noun ; 
as, It is the great philosopher himself. It is the queen who 
gives the law. 

7. It may represent a noun in the first or second person; ; 
as, is I. Is it you? 

8. /tmay represent a phrase; as, It has been repeatedly 
said, “ Worth is wealth.” 

II. Adjectwe pronouns are pronominal words employed as 
adjectives, or with an adjectival meaning. They indicate, at 
the same time, both person and quality, as Own, &c. 

Possessive adjective pronouns denote person and owner- 
ship; as His, mine, &c. 

The possessive cases of the personal pronouns, as given 
on page 339, are frequently set forth in grammars as pos- 
sessive adjective pronouns. They may stand alone, for they 
are used in place of a noun, whereas the adjective pronouns 
derived from and corresponding to them must be followed by 
the noun of which they indicate the possession. This will 
he seen on comparing the undergiven lines: — 

Fcrsmtal Fronouns Possessive, 

Mine, thine, his, hers, its, ours, yours, theirs. 

Possessive Adjective Pronouns, 

My, thy, his, her, its, our, your, their, own. 

By trying to form sentences with them this distinction 
will readily appear: — This book is [my hook] mine. These 
flowers are [your flowers] yours. 

Mine and thine — euphonic forms of my and thy — are 
sometimes used before words beginning with vowels; as, 
Mine eyes are weary, thine are wet. 

Own is sometimes, though seldom, used singly, i.e, I am 
Qwn sister to her; it is usually added to other pronouns to 
express possession more emphatically; as, It is all my own. 

III. Relative pronouns — who, which, that, and what — are 
such as carry back the thoughts of the mind to an antecedent 
noun, or part of a sentence used as a noun ; e.g. He wins 
who works. Industry is that which makes men thxive. He 
is a man that has been named before. I do not know what 
you want. 

Who is applied to persons and things when personified; 
which to the lower animals, and objects named by neuter 
nouns; that is used to prevent the too frequent use of 
who or which, and after the words same and cdl; what 
is a compound relative including the sense of both ifmt 
and which or who. It takes no antecedent, but embodies 


one; as, It desires what [=that which] it has not, the 
beautiful They are declined alike in both numbers, thus— 

Nominative — Who, which, tliat. 

Possessive — Whose. 

Objective — Whom, which, that. 

What, who, and which, when compounded with ever m 
soever, are called compound relatives. 

Relative pronouns, with the clauses in wMch they occur, 
are equivalent to ad-jectives, and are consequently either 

(1) restrictive, or (2) explanatory; as — (1) I shall win a 
name that beauty will not blush to hear ; not any name, but 
such an one as shall not bring the bliisli to beauty’s cheek, 

(2) He must be a bad writer, or at least a very indifFerent 
one, in whom there are no inequalities. 

As the chief use of the relative pronoun is to enable us 
to express those compound attributes for which we have no 
appropriate adjectives in our language, they ought not to be 
used unless when this is the case. 

That is most used restrictively, and who and which ex- 
planatorily ; e.g. Where is the man that you spoke to me 
about? Where is the man who was promised this coat? 

Very commonly the relatives whom, and v)hich are omitted 
both in speech and writing. Though it is often difficult to 
use these words euphoniously and consistently, the omission 
of them is not to be commended. Though Shelley says, 
“Men must reap the things [which] they sow;” Shakspeare, 
“There is a willow [which] grows ascaunt the brook” — 
omitting in these sentences the relative shown in brackets — 
yet such phrases as. The man I speak of, The place I write 
from, The person I gave the letter to, are not justified by such 


The relative that is never governed by a preposition. In 
“On that day,” that is demonstrative; in “On the day thatl'' 
it is relative. 

lY. Demonstrative pronouns point out the particular per- 
sons or things to which we refer. They are — This, that, with 
their plurals these, those, and yo7i, yonder; as, This man, 
that day, yon mountain, &c. 

This and yon refer to the nearer or latter mentioned; . 
that and yonder to the more distant or prior mentioned. 

The to in the words to-day, to-night, to-raorrow, &c,, is 
really a remnant of the demonstrative this. 

Y. Distributive pronouns are employed when we wish to 
make assertions regarding the individuals of a class separately 
and severally. They are — Each, every, either, neither. 

Each signifies two taken individually; every, many singly; 
either, one of two; neither, none of two. They are there- 
fore singular. 

YI. Indefinite pronouns are employed when we do not choose 
to limit our assertions to specific numbers, or are unable to 
do so. They are — All, another, any, aught, both, certain, 
divers, fete, much, many, none, naught, one, other, several, 
some, such, s^mdry, whit, whole. For example, any means 
one of a number, but does not indicate which one; some 
signifies any number more than two and less than all but 
does not infficate precisely wMch particular ones. 

Who, in addition to its uses as a relative and an inter- 
rogative, may sometimes also be an indefinite pronoun; as — 

“ The cloudy messenger turns me his back, 

And hums, as who should say, ‘You’ll rue the time 
That clogs me with this answer ."'' — “ Mache.tkj'' iv. 6, 

YII. When information is either really or apparently sought 
the sentence seeking it is called an interrogative one, and takes 
a note of interrogation (?) after it, e.g. Who told you that ? 
What were you told ? Such sentences are mostly abbrevi- 
ations of sentences, which, if written in Mi, would run some- 
what thus: — I ask you to inform me who told you. I 
request you to state what you were told. On this ground 
an mterrogative pronoun has been humorously, yet aptly, 
defined as “ a relative in search of an antecedent.” 

Who, which, and what, when thus employed in asking 
questions, are called Interrogative Pronouns. As a relative 
pronoun what is always neuter; as an interrogative it is 
applicable to all genders. 
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We had formerly, and occasionally we yet use, an inter- 
rogative of a dual character, which asks us to determine our 
choice, as if it alternated between two things only — whether; 

Whether of the twain will ye that I release unto you? 
Whether do you go or stay 1 Whether is greater the g&t or 
the altar 1 

VIII. Reflective pronouns are such as are used when an 
action reverts on the agent, that is, is reflected or bent back, 
as it were, so as to take effect on the doer of it. We have 
occasion to use such words, as in Byron’s line — 

“ He sat him down at a pillar’s base,” 

but we have no class of words which has been set apart for 
the fulfilment of this office. The place of such pronouns is 
supplied, when the necessity is special, by the use of the 
nominative and objective cases of the noun selfl selves, and 
for the possessive cases we use own in combination with 
some pronominal word. They are — Myself, ourselves; thy- 
self, yourselves; himself, herself, itself, themselves; and 
sometimes also ourself and yourself; e.g. I myself also am 
a man; thou thyself art a guide; you yourself are much con- 
demned; we will keep ourselves till supper time alone. 

The use of own is shown in the sentences — Virtue is its 
own reward. I am guardian of mine own honour. To thine 
ownself be true, 

IX. Reciprocal pronouns are those which are employed when 
mutual interchange of office or of action is employed or 
expressed, e.g. Love one another; help each other. 

Each other refers to two; one another, to any number above 
two. Sometimes in the objective the preposition is inserted 
between the pronouns, Be kindly affectioned one to another ; 

Sighs . . . out of his breast each after other went.” | 

One of the greatest philologers of modern times, Philip 
Karl Buttman, has said with great truth, Pronouns cannot 
be so precisely defined as not to admit many words which 
may also be considered as adjectives.” We would scarcely 
dispute regarding a matter so trifling as that of classification. 
If a word is used with adjectival force we would call it an 
adjective; if with pronominal force, a pronoun. What a 
word and not what it is, determines its proper gram- 
matical designation as a part of speech. 

EXERCISE. 

Take two or three pages of any book and (1) mark by 
underlining in the text the several pronouns, as they occur ; 
(2) go over the several marked pronouns and indicate, by 
placing the figures denoting the several kinds of pronouns in 
the preceding chapter, the class of pronouns to which each 
belongs ; (3) construct a series of sentences in which the 
different pronouns, as given above, are introduced, with their 
proper signification. 


GEOLOGY.—OHAPTER IV. 

EARa?HQirAKES: THEIR PHENOMENA— INOIDEWTS AND EFFECTS 
OF EARTHQUAKES— OEOEOGIOAL INTEREST OF EARTHQUAKES 
AND VOLCANOES — THE FORCES OF NATURE. 

Nothing, perhaps, produces a greater sensation on the mind 
of man than an earthquake. The convulsive heavings of the 
earth, the tottering of towers and other buildings, the crash- 
ing of timber, and the falling of tiles and houses, amidst the 
ghastly looks of terrified multitudes clinging to posts, or lay- 
ing themselves prostrate, or on their Imees, and imploring 
the mercy of Heaven — is a scene which none but those who 
have witnessed can well conceive. 

Earthquakes are more common in some countries than 
others. They have been recorded as occurring in sacred and 
classical lands from the dawn of authentic history. It would 
be almost impossible to refer to any portion of the globe, 
aqueous or solid, as certainly exempt from such evidences of 
instability. They occur in regions widely apart from each 
other, of wholly different climate, physiognomy, and geolo- 
gical constitution. Continental and insular tracts, rugged 
and level districts, dry and swampy plains, regions composed 
of primitive rocks, stratified masses, and alluvial deposits, 
have ail alike been ravaged. These mighty internal agencies 


have made themselves felt on the high table-lands of the 
Andes, the low prairies of the Mississippi, the deep valleys 
of the Alps, the bleak steppes of Siberia, the hot sands of 
Syria, the moist flats of Holland, and the vine-clad hills of 
the Rhine. Irkutsk, with its vicinity, in Siberia, though 
more than a thousand miles from any part of the ocean, 
can hardly be called an exception, as it directly borders 
on the Great Lake Baikal, the ‘^Holy Sea” of the Russians, 
whose mysterious movements, when not a breath of wind is 
astir to agitate the surface, are probably caused by some 
deep-seated subterranean commotion. It is, however, gener- 
ally true, that shocks are more numerous and violent in mari- 
time positions than in the far interior of continents. At 
nearly the antipodes of each other, the islands of Great 
Britain and New Zealand are included witMn the empire 
of the same conquering power. Happily the former have 
hitherto experienced either moderate indigenous shocks, or 
such as, being propagated from distant centres of convulsion, 
reach them with subdued or expiring energy. Earthquakes 
in the latter, though of frequent occurrence, and occasionally 
of alarming intensity, have not been very calamitous in 
modern times, nor do the traditions of the natives supply 
notices of their destructiveness. Yet their geology is exceed- 
ingly interesting and remarkable, for the evidence they yield 
of the existing action of subterranean heat — evidence derived 
not only from the pumice-peaks their hills display, and the 
volcanic activity of Tongariro, but from the forms their table- 
lands assume, the nature of some of their isolated peaks, and 
above all from the warm pools, the caldrons, and boiling 
lakes — like those of Rota Mahana — where grand and beauti- 
ful geysers throw up jets dleau two degrees hotter than the 
boilSig point, the waters of which are used not only for cook- 
ing purposes, but also as natural hot-baths. 

The view of the matter now most generally taken by modern 
geologists is, tliat the elevations and depressions caused by 
earthquakes, the tilting up, the contortions and overlappings 
of strata, the crumpled-up appearances, and the actual break- 
ages and dislocations of surfaces, are really caused by the 
contraction of the earth as it cools. The earth was un- 
doubtedly much hotter long ago than it is now. During vast 
intervals the fierce heat with which it glowed has been gradu- 
ally cooling and forming the outer crust. These exterior 
solidified portions are bad conductors of heat, and allow the 
interior heat to disperse itself with exceeding slowness. Still 
in the long lapse of ages, as the cooling process goes on, the 
inner hot matter must contract, and the external crust, under 
the enormous pressure of gravity, in seeking to adapt itself to 
the decreasing surface on which it rests, becomes squeezed, 
shrivelled, and broken. Through a network, as it were, of 
cracks in this upper crust — of which some parts are soft, 
yielding, and pliable to pressure, while others are rigid and 
inflexible (unless under exceptional exertions of power) — hot 
molten matter makes it way, steam and vapours seek outlet, 
and cause movements, tremors, convulsions, dislocations, con- 
tortions, and upheavals or depressions, in short, all the 
phenomena of earthquakes, and many of those displacements 
of strata which are so invaluable to the geologist in his en- 
deavour to learn the story of the earth. Only thus is he — 

; being unable to pierce through the stone-floor of the earth, 

■ and penetrate the rocks which lie lowest among the materials 
i of the outer crust — put in possession of the opportunity of 
examining the rocks, of learning the order of their super- 
position, of gaining some clue to their history, and of glean- 
ing some facts as to their relations in age and character. He 
is like a chronicler who, among the remnants of libraries and 
the debris of archives, finds from a volume here, an interpre- 
tative letter there, a mass of confused and old-fashioned 
literary matter elsewhere, and a row of soiled, dilapidated, 
and perhaps imperfect books in various languages and of 
different eras, the means, in some measure, of interpreting 
the past and writing its story so as to bring it into living 
relationship with the present time. The geologist is the 
historian and interpreter of the rock-written story of the 
earth and its changes. 

Earthquakes furnish the most striking examples with which 
we are acquainted of the production of stupendous effects in 
very brief intervals. The most disastrous shocks are gener- 
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ally the shortest — in fact, over almost in an instant. ^ In less 
than six seconds the thriving city of Concepcion was in ruins, 
with the earth opening and closing rapidly in all directions, 
and smothering clouds of dust rising from the prostrate build- 
ings, which, when they cleared away, revealed the survivors of 
the calamity, pale and ghastly, as if the graves had given up 
their dead. By three shocks, all of wliich occurred in less 
than a minute, Caracas was levelled to the ground. The utmost 
duration popularly assigned to the earthquakes of Jamaica, 
1692, and Calabria, 1783, amounted to three and two minutes. 
Yet the surface of a large extent of country was so completely 
altered that hardly a tract could be found retaining its former 
appearance. The effects of these mighty operations of nature 
comprise the permanent displacement of land, both by eleva- 
tion and subsidence; the dislodgrnent of masses of rock; the 
opening of extensive fissures in the ground, both horizontally 
disposed and radiating from a centre, some^ of which close 
again, while others are stable; with the discharge of hot 
water, steam, mud, sand, flame, and columns of smoke from 
the surface. The immediate destruction of human life is of 
course the most fearful item. It is estimated that not less 
than 13,000,000 of the human race have perished in this way. 


Earthquakes are not frequent in the insular kingdoms of 
Great Britain. Fortunately for its inhabitants a very small 
number of such alarming phenomena are recorded in their 
annals. The village of Gomrie, in Perth, is the centre of 
more distinct disturbances of this sort than any other place 
in Britain, and the underground tremor felt there is often 
propagated over great areas. A rather notable earth- 
quake signalized the annals of Aberdeen in August, 1816. 
Its wave was propagated throughout almost the whole 
of the north of Scotland. Bunkeld, in Perth, the Carse of 
Gowrie, Strathearn, Montrose, Inverness, Forres, and Ding- 
wall ail distinctly suffered from the vibrations and concussiojis 
which marked its course. The walls of houses were rei.t 
asunder, from the top to the bottom; many were ]jermanontly 
damaged otherwise, and the earth for some seconds was tosstd 
like the sea. At Dornoch, where a mound crossed a narrow 
part of the firth, and had three arches tonoed in it to allow 
small vessels to pass through, the arches were thrown down, 
not by the fierceness of the sea, but the unsteadfast tossing 
of the land. Many were frightened, a few injured, but no 
evidence exists that any lives were lost. It is not often that 
such threatening earth- waves move the solid framework ol 
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our soil, though several instances are noted by our historians, 
and some have occupied the columns of newspapers, and for 
a brief period stiiTed the fears of mem There is no fixed 
season for the occurrence of earthquakes, but as they are 
always startling, and often destructive, the very name has 
become invested with terror. 

The old ciironiclers supply notices of earthquakes in Eng- 
land which, though of no scientific value, are occasionally 
piquant, and intimate the severity of these visitations. The 
Saxon Chronicle states, under the year 1089, there was “ a 
mickle earth-stirring over all England,” and the annalist 
records that the harvest was especially backward. In 1110, 
Florence of Worcester sap, “ there was a very ^eat earth- 
quake at Shrewsbury.” The river Trent was toed up at 
Nottingham from hiorning to the third hour of the day, “ so 
that men walked dryshod through its channel” Holinshed 
relates, that on the Monday in the week before Easter, in 
1185, “ there chanced a sore earthquake through all the parts 
of this land, such a one as the like had not been heard of in 
England since the hegmnmg of the world, for stones that lay 
fast couched in the earth were removed out of their places, 
houses were overthrown, and the great church of Lincoln was 
, cent from the top dowirtvards.” Matthew Paris menticm!l 
^ock on - 


violent on the banks of the Thames, and did considerable 
damage in the metropolis. This was accompanied by an ex- 
traordinary calm along the coast, which continued for three 
months, as if the sea had ceased to ebb and flow, or at least 
the flow was not perceptible. Matthew of Westminster re- 
cords a general earthquake on the 12th of September, 1275, 
“ by the violence of which the church of St. Michael on the 
HiU, outside of Glastonbury, fell down levelled with the soil.” 
Many other churches suffered in a less degree. The metrical 
annalist, John Harding, writes in his chronicle for 1382, 

“ The earthqnake was, that time I saw, 

That castles, walls, towers, and steeples fyll, 

Houses, and trees, and crags from the hill.*' 

TMs was followed three days afterwards by what is styled a 
watershake,” when the ships in the harbours were driven 
against each other with great violence, and in some instances 
stranded. 

A chronological account of shocks occurring in Great Britain 
has been carefully compiled by Mr. Milne. It includes those 
which have been mentioned with more or less clearness by 
respectable authorities, from the beginning of the seventeenth 
century to the autniinn of the year 1839. The renter com- 
one felt generally in Scotland in 1608, which iiie 
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Aberdeen people interpreted as a rebuke for allowing salmon- 
Miing on Sundays in the river Bee. Bnring the interval 
named, 116 shocks were experienced in England and Wales, 
and 139 in Scotland, making a total of 255. I'hey may be 
arranged in two classes, general and local 

The general shocks, t.e. those experienced through a wide 
area of the kingdom, are of rare occurrence. They are mostly, 
if not exclusively, of foreign origin, and reach us as mere 
vibrations propagated mechanically along the earth’s surface, 
from some focus of disturbance in a distant region. The 
local shocks, i.e, those which affect only small sections of the 
country, and are sometimes restricted to very limited areas of 
counties, comprehend the great majority of British earth- 
quakes, and may be regarded as truly of home origin. In- 
stead of being transmitted from foreign regions of disturbance, 
they appear to originate in, or emanate from, points imme- 
diately beneath the surface of our islands, at an unknown 
depth. This conclusion, besides being inferred from the scant 
limits of the areas affected, is sanctioned by the consideration, 
that in the districts disturbed there is usually some spot 
where the concussion is greater than anywhere else. Out of 
the 116 shocks recorded as having been observed in England, 
31 were confined to the south coast, 14 to the borders of 


Yorksliire and Derbyshire, 5 or 6 to Cumberland, and 31 oc- 
curred in Wales. In Scotland, out of 139 shocks, 23 emanated 
from the Great Glen or its vicinity, and no less than 85 from 
Comrie or its neighbourhood. The remarkable number re- 
turned in connection with this Perthshire village is a very well 
attested fact. The Rev. Samuel Gilfillan, a s&wd obsen^'ant 
minister, who resided there upwards of thirty years, was in 
the habit of noting in a private jornmal, not only the dates of 
any shocks which occurred, but also any striking effects or 
sounds which accompanied them. So well was this known 
that he acquired the popular title of “ Secretary to the Earth- 
quakes,” Earthquake shocks have been still more frequent 
since the date of the register referred to. Some of these have 
been remarkable for their violence. 

Earthquakes are frequently nothing more than a gentle 
tremor of the ground, scarcely obvious to the senses. Multi- 
tudes engaged in business or pleasure are unconscious of 
their occurence. No injury is done, and no superficial dis- 
placement is observed. The attentive alone perceive the 
vibration, which leaves as little trace of its activity as does 
a slight shiver experienced by the human frame. In some 
countries where feeble shocks are common, habit has so 
reconciled the inhabitants to them that they attract no more 
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notice than a hailstorm with ourselves. But, twice or thrice 
in a century, the subterranean element acts in several of these 
regions with greater energy, alters the features of the land- 
scape, changes the relative level of sea and shore, and prostrates 
the palaces of the high and the huts and hovels of the lowly. 
While destructive earthquakes are mercifully rare events, the 
phenomenon itself is of frequent, if not constant, occurrence, 
reckoning the slight with the severer expressions of it, in 
some part or other of the earth’s surface. Thus, at Palermo, 
in Sicily, fifty-seven smart shocks were felt in the space of 
forty yeap ; at Copaipo, in the north of OhiH, scarcely a day 
passes without one or more ; and at Comrie, in Scotland, 
so extraordinarily frequent are exhibitions of subterranean 
action, that in little more than two years not less than 24*7 
shocks were noted and described. The opinion of Humboldt 
was, that if we were kept daily informed respecting the state 
of the whole surface of our planet, it would be found that its 
surface is nearly always shaking at some point or other of its 
circumference, and is subject to an uninterrupted reaction 
between the interior and the exterior. 

In earthquakes of the intenser kind which have had their 
phenomena accurately examined, there is always an area 
indicated, often very circumscribed — perhaps the site of a 


town, a part of the open country, or a point at sea — where 
the concussion is the most violent, and is felt earlier tiian at 
distant places. This is the focus of disturbance. From such 
a spot the shock is propagated mechanically through the 
rocky crust of the earth, as sound travels through the air, 
to a distance which depends upon the strength of the impulse 
and the capacity of strata to resist or yield to vibration. 
The propagation is conducted in one of two different ways. 
In some instances the shock travels in a determinate direc- 
tion towards certain points of the compass opposite to each 
other — ^north and south, east and west, as the case may be — 
affecting a comparatively narrow belt of intermediate cotmtry. 
This is called a linear earthquake, and is common in moun- 
tainous districts. In other eases, the shock extends some- 
what equally on aU sides from the focus, like rays from the 
sun, or the cracks in a square of glass when sharply struck 
by a stone ; and its progress is comparable to that of the 
ring-Hke wave formed by a pebble on the surface of still 
water, which becomes weaker as the expansion increases. 
This is called a central earthquake. A striking example of 
this was furnished by the great convulsion at Lisbon, in the 
last century, which extended its waves of vibration to the 
Alps, the north of Europe, the West indies, and the shores 
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of Africa. When there is a series of shocks, protracted 
through several weeks or months, the centrS often changes 
its place ; and two or more foci have been observed. It is 
a curious but well-authenticated fact, that, after being pro- 
pagated a certain distance, a shock may be intermitted 
through a considerable district of country, and be again 
manifest in a region lying beyond it. It is as though a 
barrier to progress had been met with, and overcome by an 
undermining process. On such occasions the earthquake is 
said, in the language of the South American Creoles, to form 
“ a bridge ” — the bridge being the intervening unaffected dis- 
trict, beneath which the shock is supposed to dip and pass 
onward at too great a depth to be sensible at the surface. 

The nature of the motion communicated to the surface by 
earthquake-shocks is of several distinct lands, distinguished 
by the terms tremulous, horizontal, vertical, undulating, and 
rotary. But in some instances the movement is so complex 
as to defy description. 

The tremulous motion of the ground — trerriblement de 
terre of the French, and tremllores of the South Americans 
— is more or less observed in aU earthquakes, and is the least 
dangerous movement. The sensation produced is similar to 
that felt on board a steamer, when, in letting off the steam, 
the vibrating plates of the boiler cause the deck to tremble. 
Though walls are sometimes split by these tremors, and 
objects thrown down, they are not dreaded by the people of 
countries where they are of almost daily occurrence, life and 
property being generally secure. The horizontal motion seems 
to he really a vigorous expression of the tremulous. The sur- 
face strongly oscillates to and fro, is moved forward and back- 
ward, and often causes the actual displacement of objects. The 
vertical or upheaving shock is far more to be dreaded than 
either of the former, though it often occasions only an uplift- | 
ing of the surface, wiiich subsides again without fracture or : 
any injury to the objects upon it. This kind of shock gener- 
ally occurs when the tremulous movement is at its height. 
It is frequently accompanied with a loud explosive noise, and 
makes an impression upon the inmates of dwellings as if a 
blow had been struck at the foundations with some enormous 
hammer. This is familiarly known at Comrie as the “thud.” 
Shocks acting in a perpendicular direction were experienced 
during the great Lisbon earthquake. This upheaving move- 
ment sometimes signalizes its activity with fearful violence. 
The ground is burst open. Houses are hurled from their 
sites. Trees, stones, and human beings are blown high into 
the air, as if some immense magazine of combustibles in the 
bowels of the earth had suddenly exploded. In many 
cases, probably in most, an undulating motion of the sur- 
face is produced as the effect of combined horizontal and 
vertical movements, by which objects are moved upwards 
and forwards, and then brought back to them original position. 
The appearance of the ground corresponds to that of a gentle 
swell of the sea. Whirling or rotary movements of the sur- 
face are rare, and are only observed in connection with the 
most desolating earthquakes. They are apparently caused by 
two or more horizontal shocks crossing each other at right 
angles. They are evidenced by walls being twisted round 
without being prostrated, and by the deflection of parallel 
rows of trees, and parallel ridges, in the fields, as results of the 
vorticose or whirling motion. 

The “General Catalogue of Earthquakes,” which has been 
compiled for the British Association by Mr. Mallet, extends 
over a period of 3456 years, and is a wonderful monument of 
research. It furnishes evidence that the interval from the 
sixtieth to the eightieth year of a century is always the epoch 
of the greatest subterranean activity. Without accepting 
these limits as precisely determined, it is certain that there 
are cycles embracing a series of years when the forces in the 
interior of the earth acquire more than usual intensity, and 
display their power by producing volcanic eruptions and 
destructive earthquakes in regions widely remote from each 
other. These cycles comprise a greater or less number of the 
middle years of a century. 

It is a weU-established result of home and foreign obser- 
vation, that earthquakes are preceded and accompanied by 
barometrical depression, indicating the diminished pressure 
of the atmosphere. Hence the occurrence of the greater 


number in the winter . niuiicns, when the average height of 
the barometer is always the lowest, and is also subject to 
greater fluctuation than in the opposite season of the year. 
It may therefore be considered as highly probable, that 
wliile the causes of earthquakes are still shrouded in mystery, 
they are intimately connected in their occurrence with atmo- 
spheric changes. When the barometer is at 31 inches, the 
atmosphere presses on the surface of Great Britain with a 
weight equal to 291, '793, 239, 406 tons. Wlien it sinks to 27 
inches, there is a diminution of weight on the same area equal 
to 37,648,938,386 tons, being about 427,231 tons to the 
square mile. Hence it may well be the case, that when the 
subterranean forces have acquired such strength as nearly; to 
rupture the confining strata, any considerable diminution in 
the pressure of the atmosphere may bring on the crisis of 
actual disengagement. 

It remains for future seismologists to note the course of 
events, and accumulate further evidence on the conditions 
and causes of these subterranean movements. 


ALGEBRA.~CHAPTER III. 

DIVISION. 

Division has the same object in algebra as in arithmetic. It 
is in every way the reverse of multiplication. In multiplica- 
tion we take a certain number, a certain number of Mmes; 
in division we find how often a ceiiain number is contained 
in another number. It is an operation which enables us to 
discover one of the factors of a given product when the other 
factor is known. From this definition it . follows that the 
quotient multiplied by the divisor ought to reproduce the 
dividend, e.g. 6^ -f- 3 = 2^, and 2^ x 3 = 6^. 

In applying this fundamental idea to the division of simple 
quantities, we perceive that the dividend being formed of the 
factors composing the divisor and the quotient, the latter 
must be that quantity which is left when the divisor is in- 
cluded in the dividend. For instance, to divide ah by a; here 
the dividend is composed of the divisor, and another 
factor, h; and this last, namely h, agreeably to our definition, 
is the quotient of ab divided by a; and h may be found by 
simply cancelling a the divisor, in the dividend ah. 

We might reason in a similar manner respecting any other 
; example of the same kind; we conclude accordingly that to 
effect the division of a simple quantity, where there has been 
already a multiplication by the quantity which is made tiie 
divisor, we must cancel in the dividend all the factors which 
compose the divisor, and the remaining part of the dividend 
will give the quotient sought. Thus 

ahc divided by a is he; by h is ac; by c is ah; 
ahe “ ah is c; by ac is h; by he is a. 

The rule obviously comprises numerical coefficients. This 
is shown in some of the following instances: — 


Dividend. 

Divisor. 

Quotient. 

Dividend. 

1 Divisor, 

1 Quotient. 

4Mcd 


%hd 

Xhabhccd.^ 

ahheed 

15 

lOaahdd 


%dhd 

\haaxso3c 

&a^x 

Zoic 

\%aag>ys5 


%ax 

^ahhsssoy 

4,a-sca?y 

[ihb 

%ahhccdd 

ahed 

^hed 

2^ama 

^aaa 

5a 


In an extended arithmetical sense, which considers a time 
I as wen as times, any quantity admits of division by any other. 
Thus 9 contains 6 a time and half a time ; or the quotient 
of 9 divided by 6 is 1^. The appellation divisible is never- 
theless applied, not to any quantity as compared with any 
other, but only as compared with such quantities as are con- 
tained an exact number of times in the quantity proposed for 
division. Thus 9 is said to be divisible by 3, and not divi- 
sible by 6. Or, by divmble is meant, timt the division can 
be effected without introducing fractions into the result. In 
this sense dh is not divisible by ac; for the dividend ab does 
not contain the factor c, which is found in the divisor. But 
since the quotient, whatever it may be, is not altered when 
the dividend and divisor are both multiplied or both divided 
by the same quantity — ^that is, since ma^mh is the same as 
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we conclude that aJ—ac is the same as which is 
h ' 

conventionally written - and is called the quotient of ab 

■■ G ' 

divided by ac; in other words, ab contains ac as many times 
h 

as - contains 1. And again, since the quotient multiplied 
c 

by the divisor must reproduce the dividend, 

b abc I 

— xac= — =^ab. 

C . € 

To divide, when the divisor is not exactly contained in the 
dividend, we must cancel all the factors which are common to 
the divisor and the dividend, and wiite the remaining parts 
in the form of a fraction as the quotient sought. Of course, 
when we have to divide one quantity by another which has 
no common factor, we must just indicate that the operation 
of division is to be performed, and that is done by placing the 
terms in a fractional form. 

For example, to divide I2ahcd by Sacdic; here I2abcd 
4acd X and Sacds =4acd x 2iv; therefore 

is the same as 3i'T-2^== 

2x 

or the quotient sought. 

SacdsG 4acd x 2.^?? 2^ 

Similarly, 6o'-2^^3«557 gives, when we strike out the 
factor 3<35^, 

b 

2a 

It does not follow, however, as one might he ready to 

imagine, that a quantity, because it has the fractional form ~ 

0 

is (arithmetically considered) a fraction; or that a quantity, 
because it has the integral form ab^ is (arithmetically con- 
sidered) a whole number. Letters are employed, in algebra, 
to represent quantities generally, and therefore they repre- 
sent fractions as well as whole numbers. An expression 
which, considered algebraically, is fractional, may be, considered 
arithmetically, integral, and vice versa. For instance, if 

a = — and b = — , then ■ 


' 9‘ 

' 6 ' 


6’ 


Similarly, if a— 12 and 5— 6, then 


l4-i-=4; andai=-3-xl 
3 6 3 6 

a4rb 12 -j- 6 

a — h 


Z. 


12-6 

When therefore we speak of fractional and in- 


tegral quantities, we mean only that the symbols have these 
forms. 

The following are examples of the foregoing rule:— 

Quotient. 

n 

2mn 
1 


Dividend. 

2fyhbdd 

Divisor. 

2ahcdd 

Quotient. 

6 

c 

Dividend. 

Divisor. 

^mnpq 

\2axxyy 

Qaaxyz 

ill 

amnxx 

2amnxxy 

\hdhcd 

IQaadd 

36<J 

2ad 

QZabed 

laaedd 

banppq 

lOampqq 

np 

2mq 

\2avvxx 

%avyxxy 


96c 
ad 
?L 

2y 

Let it now be required to divide wa-mS+w by m; that 
is, to find the quantity which, multiplied into m, gives ma - mb 
+m. Now, we know from what we were taught at p. 250, 
that m (a — & + 1 ) = ma -mh+ m ,* consequently a - 6 + 1 is 
the quantity sought. But — 5 -f 1 is the expression ma — mb 
~\~m with the common factor m struck out of every term. 
Therefore, adopting the fractional notation, we have 

ma—mh+vfb ma mb , m ^ ^ t 



m m m m 

In this example the symbols employed are general, and 
therefore we conclude that the rule for the division of a com- 
pound expression by a quantity of one term is as follows: — 
Divide every term of the dividend by the divisor (as before) and 
connect the partial quotients by their proper signs, as in the 


analogous case of multiplication at p. 250. The following are 
instances in which the division can be effected without intio- 
ducing fractions into the quotient. 

Dividend. 

2*7ahb -t- ZahsG — \2aah 
\2aah — IQahc — Aah 
laasssy — XAsoxcay 4 * IcGxyz 
Zam — %aamm — amn 
\2ahhc — Z2hcociJG - 4ahcy 

If the terms of the dividend are not severally ^divisible by 
the given divisor, we must treat them as fractional forms. 
For instance, aso^-by — cz divided by osyzi^ 


Divisor. 

Quotient. 

Zab 

96 4- X — 4a 

4ah 

3a -4c- 1 

7xxy 


Zam 

1 — 

46c 

'■'3a6'- 8 w—.ay , 


asG+hy-cz ^^ asc by 




xyz sffyz xyz xyz yz wz xy 

The division here is not completed; it is only reduced to a 
series of more simple divisions. The following are instances 
of the same kind: — 


aabh+4aah , 4 
aahb h 

Zabc — 6bcd __ 1^2 
Zahcd d a 


a4rb’\‘C ^ 1 1 1 

abc he ac ab 
sox+yy+l _„ ^ ^ ^ 1 

xf y X xy 

Zaxxx - Qaaxx -h ^aaax - Zaaaa ^ ^ ^ -p ^ ^ 

Qaaxx 2a x 2xx 

4 (3? 4- 46 — 3c 4“ 2 c^ 4- bdd__ 2 2 _ '3 1 Qd 

2abcd bed acd 2ahd ab 2ahc 

21 ax 4 - laaxy + lAx x y -{- Zbaxyz _ 3 ^ 

laxyz yx z az 

a-1 1 I 


ab+ bc -i- cd _ 1 1 1 

abed cd ad ah 
XX -h Axy —yy __ 1 1 y 

4xxy 4y x ^x 


a-aa _ 1 


We have as yet considered only obvious cases of division. 
There stiU remains the more complicated case requiring the 
division of one compound expression by another; for instance, 
the division of aa — 2ab4"hb by The principle of this 

operation, however, is essentially the same as that already 
established in the preceding cases. The rule may be stated 
and illustrated in this way: — Taking the above example, we 
observe that the first term, aa, of the dividend aa — 2ah 4- bh 
contains a, the first term of the divisor, a times; we therefore 
conclude that a times {a ~ h), that is, aa — must be a part 
of the dividend. Let that part be subtracted from the divi- 
dend; that is, let 

(aa — 2«6 4“ 66) — («a — «6) = — aS 4- 66. 

Now the first term of tins remainder again contains a, the 
first term of the. divisor, 6 times; we therefore conclude that 
6 is another term of the quotient, and as ab has the negative 
sign, we further conclude from the rules for the signs in 
multiplication, that 6 ought also to be preceded by this sign : 
hence 6 times (a - 6), that is, ah - 66 with all its signs changed 
(because 6 has the subtractive sign - ), ought to be a part (in 
this case, as it happens, the whole) of the remainder — a64* 66; 
that is, 

(-a6-l-66)-(-6) (a-6) or-(-a64-66)=0. 

As we now have nothing remaining, we conclude that a —bis 
the quotient; tliat is, that the given dividend, aa-2a64-66, 
is the square or second power of the given divisor, a — b. 

This process is in every respect analogous to “ long divi- 
sion ” in arithmetic, and it is commonly written in the same 
manner; e.y. 

Divisor. Dividend. Quotient. 
a~~h) aa — 2ab’\^hb (a—h 
■ aa~ah / 


22==a 

a 

— ah 


= -6 


- a6 4- 66 = first Bern.,, 
-a64-66 

—second Bern. 


0 


The rale may therefore be more specifically given thus: — 
(1) Arrange the terms according to the powers of some one 
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letter (in this case according to the powers of «); (2) inquire 
how often the first term of the divisor is contained in the first 
term of the dividend (e,^. how often a is contained in aa); 
and (3) write down the result (a) as the first term of the 
quotient; (4) multiply the whole of the divisor by that term, 
and subtract the product (namely, aa - ah) from the dividend; 
and (6) write down the remainder of the dividend (or as many 
terms of it as the case may require); then repeat the opera- 
tion in the same way till all the terms of the dividend are 
exhausted. The whole dividend is, thus, in reality, divided 
into so many parts by the process, and each of these contains 
the product of the divisor and a simple factor. 

The divisor and dividend must be arranged, as has been 
said, according to the powers of some one letter (either ascend- 
ing or descending) otherwise the quotient will not be found 
'in its simplest form, and possibly the division will not be 
effected in finite terms, as may be easily seen if we change 
the order of the foregoing example, thus: — 


-b+a) (-6-i-a 

+ bb^ ba 
— ha+aa 
-ha+aa 


Here the operation is in effect the same as before, but it 
illustrates another important fact regarding the signs, namely, 
that bh being divided by - 5 gives for quotient - b^ and that 
- ha divided 'by -b gives for quotient +a; that is, the signs 
of the dividend and divisor being alike, the sign of the quotient 
is4- ; and the signs of the dividend and divisor being different, 
the sign of the quotient is - . This, it will be remembered, 
is the rule which obtains in multiplication (p. 250). 

If the terms of our example be written down without atten- 
tion to the order of the letters, we may apply the rule thus: — 


<35 — 5) — 2ii5 •+■ aa + 55 ( — 25 -i- ct 4- 5 
-2^5 4-255 

aa — hh 
aa ~~ (355 


— 4* a 4“ — ■ 
a aa 


=U5a4-55“Cc, 




The student should try to work such instances as the follow- 
ing (which are of very frequent occurrence) ai sight: — 

Baa - ^ 3a (2a — 3 ar) _ 

2a- 3^. (2a -3^) 

4a5 -r .2a(? _ 2 ,(2a5 - a<?) _ ■ 

Bab -’Zac ZX^ah — m)' \ 
aa — xss _ (a 4- 

™ ^ ^ ‘Jlf 

a 4- a’ (a-rx) 

aa-i’^ah’^bb (a -j- 5) (a 4" 5) 

a+b (a’hb) ^ 


49-«^ 

74-.^ 


(6aaH-6a5}- (8a.y 4- 85.^) “*(9^1/ + 95y) _ _ g ^ 


We sliall return to the investigation of the division of one 
compound expression by another, but this will be much more 
easily proceeded with when the student has acquired some 
knowledge of the nature of fractions. Only, if the funda- 
mental principle of division be well studied, what has been 
here explained of the mode of conducting such operations will 
generally be found sufficient to enable the student to advance 
satisfactorily in all ordinary questions in division. He may 
now proceed to examine the mode pursued in working the 
following examples: — 

(1) 2ab-ZaV+ba^W^ -ab=^ 

ab ' — ah ■ ■ , ab ■ • 

- 2 4- 3a5 — 5a‘‘*5l 


(2) -8a5V-T'-12a553<?=4-, 


(3) lBa^¥c-^Bd^b^^Za%\ 

(4) 54a®5^{;%i5;^4- -9a*^5V^= —Bd^hnx. 

(5) — Zaxy 4~ Ba^y^- -4- - Zxy = 4- 4- a - %xy» 

The following examples may be verified by working: — 

■ ■ . lA 


(1) 4a2-105‘''-^2a- 


Ans. 2a 4-35- 


But we know that this quotient-254-a4-&=a-5: the 
process is therefore correct (as before), but less simple. A 
further derangement of the terms may render it impossible, 
abiding strictly by the rule, to effect the division at all. Thus 
by taking the divisor a - 5 and arranging the dividend in the 
order 55*f aa— 2a5, we get for quotient | 

55 , ^ , 555 5555 55555 ^ 


(2) - IBma^ 4- 4- bBpxy^ 4- - Bxy. Am. 4- 

- Znxy - Ipy^. 

(3) Ans. bdd, 

(4) lla5‘‘^-f-65‘^4-a®4-6a^5-ra4-5, Ans. a"4-5ab4-65" 

(5) - 1 2a“.r“ - Id^x 4- a^ -r - 3a. Ans. -f baaf 

• . 7a^ ■ 


-3a^a'4-2a^4- - 


Should it be found that a division cannot be effected, the 
quotient will be completed at any term by adding to the 
terms found, a term formed by writing the remainder over 
the divisor in the form of a fraction, as in the following case, 

^ - 6^ 4- 13(^ - 2 

— 2i3!-}-13 
■ -2a;4- 8 

r;., , ■■ ' ' . 

f .r-4 

The student may verify the answer of the next example 
by actual division. 

aa4-4a5-f 4554 -c , «! . c 

T" : — =sa4-264- 

a4“25 a4-25 

He may also verify the following by the rule, namely, 

aaa — bb , . , 

=— — aa4-a54-5, 

a- 5 

aaaa-%aahb‘^hbbh-cccc . 

, — -^+W«c 

“W+y + 'l, 


ASTRONOMY.— CHAPTER IT. 


HE MOON, (a — PEBIOn — PHASES — EAETH-SHINE — HABVESO? 
MOON — HUNTEE’s moon — MOON^S MOTIONS — LIBRATION — 
lEEEGULAElTlES IN MOON^S OEBIT — MOON's SUBPAOE — 
LUNAR MOUNTAINS — SEAS — OEATEES — VOLCANIC NATURE 
— LUNAR ATMOSPHERE — LUMINOSITY — OALOBIEIC RAYS — 
MOON^S MASS. 


= 1-4- x-txx 4" 


The moon, as the satellite which revolves round our earth, 
is to us the most important of the secondary planets. The 
moon passes round the earth from west to east, but its 
path is not a perfect circle, for it may recede from the earth 
a distance of 251,000 miles, or approach it to within 226,700 
miles. Hence the excen tricity of the moon’s orbit is said to be 
0*0549. Its apparent diameter, calculated geometrically, varies 
between 29' 21" and 31' 31" ; consequently it is the same as 
that of the sun, the diameter at mean distence being 31' 6". 
To the eye the apparent diameter of the moon varies con- 
siderably, according to its altitude' above the horizon. The 
real diameter, as given by Madler, is 2159*6 nules, and accord- 
ing to Wichmann 2162 miles. Recent measurements by 
Airy and He la Rue show that these values are too great, 
and that a correction of about 2" or 2*15" must be applied 
to the measure of visual diameter to allow for the exagger- 
ated dimensions due to irradiation (see Natural Philosophy, 
Ijykt). Tins correction is equivalent to a rediicricm of about 
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Smiles. So far no compression on the sphere of the moon 
has been detected. It weighs, hulk for bnlk, about two- 
thirds what the earth does, so that its total weight is only 
about one^eightieth of that of our globe, and the force of 
gravity at its surface will be only one-sixth of what it is 
on the earth. The relative sizes of the moon and earth are 
shown in the annexed figure. 

Tlie moon exliibits phases the inferior planets. These 
depend on the different positions it assumes with respect to 
the earth and the sun, and they are due to different portions 
of its illuminated side being turned towards the earth at 



different times. When the moon lies nearly in a line between 
the earth and the sun the dark side is turned exclusively to 
us, and for some time we lose sight of the moon (see Plate V., 
fig. 4). Then as it recedes from this line, its form appears as 
a faint crescent on the side of the disc next the sun, the rest 
of the disc being scarcely visible. This is the phase called 
new moon. When the moon has reached an angular distance 
of 90® from the sun, half of its disc is enlightened and it is 
said to he in its first quarter. After passing tins point the 
“terminator,” or line which divides the lighted from the 
dark portion of the moon, becomes concave towards the sun, 
and the moon is said to be gibhous. When it attains a dis- 
tance of 180® from the sun the entire disc is illuminated, 
and the moon is full. It is then in “opposition” to the 
sun, rising about the time the latter sets. Prom this stage 
it passes to its third quarter^ when only one-half of the disc 
is illuminated; and from this time until nm moon it exhibits 
again the form of a crescent These phases will be easily 
understood from fig. 4, Plate Y., in Which the moon is repre- 
sented in the outer circle as it would appear to an observer 
placed at a distance from the earth, and in the inner circle 
as it appears when viewed /row the earth. 

For a short time, both before and after new moon, the out- 
line of the unilluminated portion may be detected without 
much difficulty. This lustre is due to the light reflected on 
the surface of the moon by the earth, or “earth-shine.” This 
light is stronger during the waning of the moon than at any 
other time, a fact which would seem to indicate that the 
western part of the lunar disc is on the whole better adapted 
for reflecting the solar rays than the eastern part ; assuming 
this to be the ease, an obvious explanation is furnished for 
the fact that the earth-shine is more luminous before the 
new moon than after it. 

The harvest moon is the name given to that full moon 
which falls nearest to the autumnal equinox. As the moon 
then rises almost at the same time on several successive 
evenings, and at a point of the horizon almost precisely oppo- 
site to the sun, it is of much assistance to agriculturists 
at that important period of the year. Although this near 
coincidence in several successive risings of the moon takes 
place in every lunation when the moon is in the signs 
Pisces and Aries, yet the phenomenon is only prominently 
noticeable when it is full in these signs, which only occurs 
at or near the autumnal equinox, and when the sun is in 
Virgo or Libra. The explanation of the harvest moon is 
as follows ; — Suppose the moon to be full on the day of 
the autumnal equinox ; the sun is then entering Libra, and 
the moon Aries — the former setting exactly in the west, the 
latter rising exactly in the east; the southern half of the 
ecliptic is then, entirely above the horizon, the northern half 
entirely below, and the ecliptic itself makes the least possible 
angle with the horizon. The moon is then advancing daily 
13°, or one da/s portion in its orbit, which is but slightly 
inclined to the ecliptic, and will become little depressed &|ow 


the horizon, and has therefore a less hour-angle to traverse 
by the diurnal motion after sunset in order that it may come 
into view the next night, than at any other timk That 
iiarvest moon wHch occurs on 21st September is most favour- 
able, the moon being then in the “ascending node” (to be 
presently explained) of her orbit, which then coincides with 
the vernal equinox. The moon next after the harvest moon 
is frequently termed the hunter^ s moon. The least possible 
variation between the times of two successive risings is about 
17 minutes, and the greatest about 1 hour 16 minutes, which 
takes place when the moon is in Libra, and at the same time 
at or near its “ descending node.” 

Of the various infiuences which the mass of the moon 
exerts, that which results in the phenomenon of the tides is 
the most important, and will be fully treated hereafter. 

The motions of the moon are of a most complex descrip- 
tion, and have occupied the attention of astronomers in ail 
ages, but it is only within a recent period that they may be 
said to be fully understood. The moon is comparatively so 
near to the earth that its apparent movements are very 
rapid, so that by watching its progress on a clear night, it 
may be seen to move from star to star, changing its place 
perceptibly in a few hours. The period during which the 
moon makes an entire circuit of the heavens, from one star 
until it returns to the same star again, is called a sidereal 
or periodical months and consists of about 27J days. The 
time intervening between one new moon and another is called 
a synodical month, and consists of nearly 29| days. The 
difference is due to the fact that while the moon is making 
one revolution round the earth, the sun has apparently been 
going forward in the same direction nearly one degree daily, 

I hence the moon has to perform more than one complete 
circuit of the heavens in order to come up with the sun again, 
which determines the time of new moon, as will he understood 
from a reference to fig. 4, Plate V., where the relative posi- 
tions of two successive new moons are shown. 

The moon rotates on its own axis once during each of its 
revolutions round the earth, in consequence of which it 
always turns the same face towards the earth, with the ex- 
ception of certain small variations at the edge which it is 
necessary to notice. A telescopic view of this face as seen 
at the time of full moon is represented in Plate VI., fig 1. 

The moon’s axis is very nearly perpendicular to the plane 
of its orbit, the deviation being only by an angle of 1° 32' 9'''; 
owing to this circumstance, and to the inclination of the 
plane of the lunar orbit to that of the ecliptic, the poles of 
the moon lean alternately to and from the earth. When the 
north pole leans toward the earth somewhat more of the 
region surrounding it invisible, and somewhat less when it 
leans in the opposite direction. This variation is termed 
lihration in latitude. The amount of displacement in tliis 
direction is 6® 47'. 

Again, in order that the same hemisphere of the moon 
should be continually turned towards the earth, it is necessary 
not only that the time of the moon’s rotation on its axis 
should he precisely equal to the period of its revolution 
in its orbit, but also that its angular velocity in its orbit 
should, in every part of its course, exactly equal its angular 
velocity of rotation on its axis. Tins is not, however, ex- 
actly the case, for its angular velocity in its orbit is sub- 
ject to a slight variation, and in consequence a little more 
of its eastern or western edge is seen at one time than 
another. This phenomenon, discovered by HeveKus in 
1647, is known as the lihration in longitude; the extent 
of this displacement is 7® 53'. The total maximum libra- 
tion, as viewed from the eartNs centre, amounts to 10® 24\ 
Prom the circumstance of the diurnal rotation of the earth, 
the moon presents itself under somewhat different circum- 
stances at its rising and setting, according to the latitude 
of the earth in which the observer is situated. As viewed 
in these different positions, it is seen under different aspects; 
and this gives rise to another phenomenon, the diurnal 
lihration, the maximum value of which only amounts to 
1® 1' 24". Arago calculates that the various iihrations 
enable altogether ^ parts of the moon’s surface to be 
observed, the portion always invisible amounting only to 
parts of the surface. 
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As already srated, the moon' s path round the earth is not a 
perfect circle, but an ellipse. It has been found, moreover, 
that the regularity of its motion is subject to very numerous 
perturbations. The whole number of such irregularities is 
not less than sixty, but the greater part are so small as 
scarcely to require our attention. The more important of 
these irregularities are due to the action of the sun, which 
operates in two ways ; first, by acting unequally on the earth 
and moon, and secondly, by acting obliquely on the moon 
on account of the inclination of its orbit to the ecliptic. If 
the sun acted equally on the earth and moon, and always in 
parallel lines, its action would only restrain them in their 
annual motion round the sun, and would not affect their 
actions on each other, or their motions about their common 
centre of gravity. But, because the moon is nearer the sun 
in one half of its orbit than the earth is, and in the other 
half is further from the sun, it follows that in one half of its 
orbit the moon is more attracted than the earth towards the 
sun, and in the other half less attracted than the earth. 
Now, if the motions of the earth and moon round the sun 
were destroyed so that they could both fall freely towards the 
sun, then if the moon was in “ conjunction,” that part of its 
orbit which is nearest the latter, it would be attracted more 
than the earth, would fall with greater velocity towards the 
sun, tod so the distance between moon and earth would be 
increased. If the moon was in “opposition,” that part of its 
orbit which is furthest from the sun, it is evident that it 
would be less attracted than the earth, and would fafi with a 
less velocity and be left behind, thus again increasing the 
distance between earth and moon. If, however, the moon 
was in one of the quarters then the earth and moon, being 
equally attracted towards the sun^s centre,, would descend 
directly towards that point, and thus tend slightly to diminish I 
their distance. 

Now whenever the motion of the sun tends to increase their 
distance it practically diminishes their gravity towards each 
other, and when it tends to diminish their distance it increases 
their gravity. Hence, as in the conjunction and opposition, 
their gravity is diminished, and in the quadratures it is in- 
creased; this gives rise to corresponding variations in their 
distance from each other at these periods. 

The plane of the moon’s orbit is inclined to that of the 
ecliptic at an angle of 5° 8' 45", which is called the inclina- 
tion of the lunar orhit, and it necessarily intersects the 
ecliptic in two opposite points, which are called the nodes — 
the ascending node being that in which the moon passes from 
the southern side of the ecliptic to the northern, and the 
descending^ the reverse. The moon’s nodes constantly shift 
their position on the ecliptic from east to west, at the rate of 
about 19| degrees each year, returning to the same points 
once in 18^ years. This fact is expressed by saying that “ the 
nodes retrograde on the ecliptic,” since any motion from east to 
west, being contrary to the sun’s apparent course among the 
stars, is called retrograde. The line which joins these points, 
the line of nodes ^ is also said to have a retrograde motion. It is 
important to bear these facts in mind, as, when we come to 
treat of eclipses^ it will be seen that they have a close con- 
nection with these phenomena. The line of apsi^s of the 
moon’s orbit revolves from west to east through her whole 
course in about nine years. The “apsides” of an elliptical 
orbit are the two extremities of the longer axis of the ellipse, 
corresponding to the perihelion and aphelion of bodies re- 
volving about the sun, or to "Cmp&rigee and apogee of a body 
revolving about the earth. Therefore the moan’s perigee, and 
of course the apogee, revolve, and the line which joins these 
two points revolves with them. 

These are only a few of the irregularities that attend the 
motions of the moon. These and a few others were first 
discovered by actual observation, and have long been known, 
but a far greater number have been made known by follow- 
ing out all the consequences of the law of universal gravitation. 

We have hitherto considered the moon as simply revolving 
round the earth, but it must not be forgotten that both 
bodies revolve round the sun, and are attracted by it much 
more powerfully than they attract each other. The effect of 
the combined motions of the moon round the earth and the 
8uu is this — that the moon’s actual path in space* consists of 


a series of curves which are always cmcam toward the sun. 
This will be better understood by reference to figure 4 
in Plate VI., which represents a portion of the earth’s orbit 
during the period from one new moon to another. The actual 
path of the moon during the same period is represented by the 
black line in the second figure. This path may be compared 
to the line described by a nail in the rim of a wheel whicli is 
travelling along a road, and at the same time rotating round 
its axle. 

In appearance to the naked eye the moon’s disc presents a ^ . 
mottled aspect, which results from its surface being unequally 
reflective, owing to the presence of numerous mountains and 
valleys on its surface. That such do exist is evidenced in the 
shadows cast by the Mgh peaks on the adjacent plains^ when 
the sun shines obliquely (Plate VII. fig. 1). At the full 
phase these shadows disappear, the sun’s rays then striking 
the moon’s surface in a perpendicular direction. On ob- 
serving the boundary line of the illuminated portion between 
the times of new and fiiU moon, it will be seen to present a 
rough jagged appearance; this is caused by the sun’s light 
first failmg on the summits of the high elevations, the sur- 
rounding valleys and slopes being still in the shade. The 
surface of the moon’s disc has been carefully mapped out, 
and most of the lunar mountains have received names, Over 
1095 of these lunar elevations have been measured for alti- 
tude, several of which exceed 20,000 feet. Another noticeable 
feature in the topography of the moon is the gray plains or 
seas, probably analogous to terrestrial “steppes” and prairies. 
Although they are termed seas, it is only a name, as no water 
exists on the moon’s surface. The most curious objects re- 
vealed by the telescope are the crater mountaim (Plate VIL 
figs. 2, 3). These are evidently of volcanic origin, and usually 
consist of a basin with a conical elevation rising from the 
centre. In form they appear to be generally circular, but 
owing to the spherical form of the moon’s mass, those in the 
neighbourhood of the limb or edge, being viewed obliquely, 
have apparently an elliptical contour. One of the most re- 
markable of these is Tycho, seen on the drawing of the full 
moon (Plate VI., fig. 1), from which radiating streaks go in 
ail directions over the lunar surface. These streaks are a 
' feature peculiar to the moon, for they run through mountains 
and valleys for hundreds of miles without reference to the 
obstacles in their way. Many of the lunar mountains, 
when viewed with a powerful telescope, show decisive marks 
of volcanic stratification, arising from successive deposits of 
ejected matter, and indications of lava currents streaming 
outwards in all directions may be traced; while the fiat bottom 
of one crater, named Albatequius, is seen to be strewed with 
masses of rock, and the exterior ridge of another, Aristifius, is 
hatched all over with deep gullies radiating towards its centre. 
The moon is generally supposed to be without an atmosphere, 
though some afiirmative evidence exists. Schroter considered 
I that there was an atmosphere, and he estimated the height 
to be not over 5376 feet, and Laplace considered it to be more 
attenuated than the most perfect vacuum of an air pump. 
Schroter arrived at his conclusion on the ground that if the 
moon possessed an atmosphere the phenomenon of twilight 
would as a consequence take place, and he thought he ob- 
served when the moon exhibited a very slender crescent, a 
faint crepuscular light extending from each of the cusps along 
the unenlightened portion of the disc at a distance of 1’ 20"; 
its greatest breadth being 2". He thence calculated the 
height of the atmosphere to be only 0-94" or 5376 feet. The 
moon would describe this arc in less than two seconds of time, 
and to this circumstance is due the difficulty attendingits direct 
detection during eclipses and occultations. Sir J. Herschel 
considered that no atmosphere existed at the moon’s surface 
dense enough to cause a refraction of V% that is, having xfk 
the density of the earth’s atmosphere. Both the astronomers 
Beer and Madler considered that the moon had an atmo- 
sphere, but of very limited extent, owing to the smallness of 
its mass; and thought it not improbable that this weak 
envelope might sometimes, through local causes, condense itself 
— ^an idea which, if correct, would help to elucidate some of the 
conflicting details of occultation phenomena. The suddenness 
with which occultations of stars by the moon take pla<^ is 
generally regarded as a proof that no lunar atmosphere exists, 
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and the spectroscope supplies negative evidence in the same I 
direction.' > 

As viewed from the sun, with the earth in perihelion and 
the moon in apogee, the moon never departs more than 10' 42" 
from the earth at its greatest elongation. The moon’s axis 
being very nearly perpendicular to the plane of its orbit, it 
can experience scarcely any change of seasons. At its equator 
the mean solar day has a constant length of 354 hours 22 | 
minutes, or 14 days 18 hours 22 minutes of mean solar time, ; 
or is equal to iialf the period of the moon’s synodical revolu- ^ 
tion round the earth. As observed from the moon, some 
astronomicM phenomena would be seen under widely different 
circumstances from those presented when viewed from the 
earth. The apparent diameter of the earth would be about 
2 degrees, and its apparent superficial extent thirteen times 
greater than the apparent superficial extent of the moon as 
seen from the earth. The earth would appear ahnost a fixed ' 
object in the lunar heavens, only altering its place by the 
amount of the libration, or traversing backwards and forwards 
a space, having an extent of 15° 30' in longitude and 13° 18' 
in latitude. The earth again would exhibit to the moon 
exactly the same kind of phases which the latter does to the 
earth, but in a reverse order. When the moon is full, the 
earth would be invisible to the moon ; and when the moon is 
new, the earth is full to the moon. These remarks of course 
only apply to those parts of the lunar surface which are turned 
towards the earth; a spectator on the opposite side would 
never view the earth at ail, and a spectator placed on the 
apparent edge of the lunar disc would only now and then 
obtain a view of it in his horizon, due to the librations in 
longitude and latitude already noticed. The value of the 
moon’s brilliancy is estimated by Bouger as only mdmo that 
of the sun. The value according to Bond is while 

Wollaston’s value is only The moon’s surface is 

generally supposed to be at a considerable heat, possibly, ac- 
cording to Herschel, at a temperature exceeding that of 100° C. 
Notwithstanding this, the moon appears to radiate no heat 
available for warming the earth. Melloni in 1846 imagined 
that he detected a sensible elevation of temperature by con- 
centrating the moon’s rays in a lens 2 feet in diameter. 
Tyndall states tlmt Ms experiments in 1861 indicated that 
the moon imparted to Ms thermometrical apparatus rays of 
cold. The more recent experiments of Earl Bosse and 
Mari4-I)avy appear, however, to give conclusively affirmative 
results, and the balance of testimony tends to this view of the 
subject. For the purposes of mapping the moon’s surface 
photography has of late years been employed by Be la Bue, 
Butherford, and others, with excellent results. For com- 
puting the places of the moon very accurate tables were formu- 
lated in 1862 by Hausen, and have been introduced at the Nau- 
tical Almanac O&ce, The recent determination by Stone 
gives the moon’s mass as that of the earth. With refer- 
ence to the moon’s influences on the earth, it has been observed 
that evening clouds at about the period of the full moon 
frequently disperse as the moon rises, and that by about the 
time it has reached the meridian a sky previously overcast 
will have become almost or quite clear. Humboldt states that 
this circumstance is well known in South America, and Arago 
confirms the theory when he shows that more rain falls about 
the time of new moon than at the time of full moon. 


CHAPTER V. 

THEORY OP ECLIPSES — BEPIIfITIOXS — RESULT OP IXOLINA- 
TIOH OP moon’s orbit — RETROORABE MOTION OP NODES 
OF moon’s ORBIT — COINCIDENCE OP 223 SYNODICAL 
PERIODS WITH 19 SYNODICAL REVOLUTIONS OP THE NODE 
— NUMBER OP ECLIPSES THAT CAN OCCUR — ECLIPSES OP 
SUN MORE FREQUENT THAN LUNAR ECLIPSES— DURATION 
OP ANNULAR AND TOTAL ECLIPSES OP SUN — DEFINITION: 
TOTAL, ANNULAR, AND PARTIAL ECLIPSES — AMOUNT OP 

DARKNESS LOWEBINO OP TEMPERATURE — BAILT’s BEADS 

— CORONA — APPEARANCE OP MOON DURING SOLAR ECLIPSES 
— ECLIPSES OF MOON — OCCULTATIONS. 

The phenomena of eclipses result from the interposition of 
sK)me one celestial body between the earth and some other 


body.' . As the ■ ''heavenly bodies' :■ are M'' constant^ motion, 
the Mreetion, of' lines drawn from one to 'another' will neces- 
sarily vary from time to time, and occasionally it must ha|>pen 
that three will come into the same right line. ^ If one of the 
extreme bodies of the series of three in a line is the sim, then 
the middle or intermediate body will intercept the sun's light, 
and deprive the third or last body of the series, either wholly 
or partially, of the illumination which in the ordinary course 
it receives. Thus, if the earth is at one extremity of the line, 
and the intermediate body is the moon, then the moon will 
intercept the light of the sun at the distant end, either wholly 
or partially, and observers on the earth, situated in the com- 
mon line of direction, will see the moon pass over the disc 
of the sun, as it enters upon or leaves the common line of 
direction. The phenomena resulting from such conti ng(‘ucies 
of direction and position are variously termed ecUpses^ tran- 
sits, and occultationSy according to the relative apparent 
magnitudes of the interposing and obscured bodies, and ac- 
cording to the circumstances attending the phenomena. 

In considering the moon as the intermediary body between 
the earth and the sun, the circumstance that the moon’s orbit 
does not lie in exactly the same plane as the earth’s orbit, but 
is inclined to it at an angle which varies between 5° 20' 6" 
and 4° 57' 22", and for which 5° 8' 45" may be taken as the 
mean value, has to be taken into account. The two points 
where the moon’s path intersects the ecliptic (as above ex- 
plained) are called the nodes, and the imaginary line joining 
these two points is termed the line of nodes. If the moon 
passes through either node at or near the time of conjunction 
or new moon, it will come between the earth and the sun, and 
ail three will be in the same straight line, and as a con- 
sequence, to an observer at certain parts of the earth’s surface 
the sun’s disc will be obscured, wholly or partially, as the case 
may be; tins is an eclipse of the sun. In a total eclipse 
(fig. 4, Plate VII,), the moon’s shadow reaches to and beyond 
the earth’s surface, the moon being more or less in a perigean 
position; that is, at that part of her orbit wMch is nearest to 
the earth. In an annular eclipse of the sun, the moon’s 
shadow falls short of the earth (fig. 5), the moon then being 
more or less in an apogean position, or in that part of her 
orbit wMch is furthest from the earth. As the earth and the 
moon are opaque bodies they cast shadows into space, and 
from the larger mass of the earth its shadow is considerably 
the greater of the two. If the moon should happen to pass 
through either node at or near the time of opposition or f ull 
moon, it mil again be in the same straight line witli the earth 
and the sun, but tMs time the earth wiU be between the moon 
and the sun, and therefore the moon enters the earth’s shadow 
and is deprived of the sun’s light; this is m eclipse of the 
moon (fig. 6, Plate YIL) Were the orbits of the earth and the 
moon in the same plane, an eclipse would happen at each 
conjunction and opposition, or about twenty-five times a year, 
but as the moon’s orbit is inclined to the earth’s at a mean 
angle of 5* 8' 45", eclipses are very much less frequent. 
The most recent investigations into the subject show that an 
eclipse of the sun may take place if the greatest possible dis- 
tance of the sun or moon from the true place of the nodes of 
the moon’s orbit is 18° 36', wMlst the of the moon 

must not exceed 1° 34' 52". If the distance be less than 
15° 19' 30", and the latitude less than 1° 23' 15", then an 
eclipse must take place, though between these limits the oc- 
currence of the eclipse at any station depends upon the 
horizontal parallaxes and apparent semi-diameters of the sun 
and moon at the moment of conjunction. An eclipse of the 
moon may take place, if for the quantities above given 
12° 14', 9° 23', and 63' 45", 51' 57", be substituted. 

As the nodes of the moon’s orbit are not stationary, but have 
a daily retrograde or backward motion of 3' 10*64", amounting 
in the course of the year to 19° 20' 19*7", a complete revolution 
round the ecliptic is only accomplished in IBy, 21Bd, 91h. 
22??i. 465. nearly. This retrocession of the nodes on the ecliptic 
gives rise to the following circumstance: — The synodical period 
; of the moon, or the time which she takes in passing from one 

* Celestial latitude is the distance (reckoned in degrees, Eimites, 
' and seconds) of any body north or south of the ecliptic. It must 
I not be confounded with decimation, which is the distance north or 
i south of the celestial equator, (See Plate L) 
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therefore, adequate drill must be given to muscle and nerve 
in gaining power to accomplish this process readily and nicely. 
The best means known to us for securing proficiency in curvi- 
linear exactness and grace is to construct a 
figure like that given on page 257, of the same 
size as the writing intended to be produced, and 
with this, placed on the left hand of the paper 
being written upon, used as a guide, proceed to 
form, at a uniform distance of three-fourths 
of an inch from each other, lines of like sinu- - 
osity of curvature along the whole width 
of the paper, and repeat the lesson till ease, readiness, 
and accuracy have been achieved. A simple and certain 
method of self-examination as to one’s success in this course 
is available to everybody, thus Construct upon a card the 

geometrical figure on 
Fig. 1 . p. 257 ; having done 

so take a pair of sharp 
1 E . scissors and cut off 

the part of the card 
fA I # lying to the right of 
the double-curve and 
line J> A E — snipping 
the card of course from 
the lower edge to n in 
a straight line with n o, and from the upper edge to e, in a 
similar straight line, continuatory of b e. The right edge 
of the card, thus cut, would show an outline like that given 
above (fig. 1), and would supply, if carefully and sharply cut, 
one great test of the accuracy attained in the formation of the 
caligraphic form of the Hogarthian line of beauty by simply 
applying the cut card edge to edge with the written line. 

The main-stem grace-line of capitals, of which we have 
been speaking, ought to be tiiree times the height of the 
small letters. In forming this line in the down-stroke 
movement, which is the most usual and the easiest, we begin 
with a fine hair stroke, at a height of three times that of the 
body of the minuscular writing we intend to make or are in 
process of making. The upper convex curve glides gently 
along through one and a half lengths, when it is transformed 
into a concave curve in the lower half. Upon the precise 
and elegant formation of this main-stem line the beauty of 
the letters of which it constitutes a chief part entirely 
depends. The slant must be taken in perfect harmony with 
the slope of the minuscules, the curves must be fluently and 
facilely contextured, and when a terminal oval is added it 
requires to be carefully kept in place and proportion, and 
must not be allowed to overweight the main-line too much. 
The body of the capitals ought rightly, one sees at once, to 
receive greater care than its mere accessories and ornaments ; 
but this is too seldom attended to in common practice. 
Flourishes do indeed impart completeness of form to the 
letters and give satisfaction to the eye; they are therefore of 
very great importance to the elegance and acceptability of 
penmanship. As a general rule, however, they are left very 
much to the discretion of a writer, and constitute in ordinary 
copy-books the portion which gives least pleasure to the 
copyist. They occupy too large a place in the mind of the 
mere imitator, and are commonly spoiled with most pains- 
taking anxiety. These accessories, we should always remem- 
ber, are mainly ornamental, and hence, unless done with a 
dexterous and easy grace, they lose the precise element which 
lends them charm. Signs of elaborate intention to give 
prettiness to a capital show that the excelling art which 
hides art has not as yet been obtained. 

This grace-line appears in practical penmanship in several 
forms. The first and easiest is that which may be designated 
the down-stroke form. It commences at e (in fig. 1) in a 
fine hair-stroke, which in its convex curving course towards a 
gradually swells but does not bulge out into the normal thick- 
ness of stroke used in capital letters, and then in its concave 
curve from a to n insensibly tapers off into the tenuity of 
the terminal curve. The line must show no break of conti- 
nuity, no abruptness of turn, no change of slope. The curves 
shoidd shade sweetly and gently into each other, and, while 
the whole line ought to he perfect in form, it should also be 
pleasingly graded from commencement to finish. Persistent 


practice is required to attain facility in executing this peculiar 
form of curve-line. When it can be readily and properly 
performed by the mere gauge of the eye and the cultured 
'Fig. 2.-' 
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aptitude of the hand, the greatest difiScuIty in graphic ma- 
nipulation has been mastered. The second or up-stroke ferm 
proceeds in the reverse order, beginning at n in a fine thin 
hair-stroke and continuing through a to e with a delicate 
steady selfsameness of stroke. In the tlnrd place we require 
to form the same grace-line horizontally, from left to right 
and right to left, and in all varying degrees of slopingness. 

A little observation will then show how much has been accom- 
plished by our practice in acquiring the power of forming tills 
single element properly. We Imve been producing the main 
grace-line of many of the most beautiful and the most difficult 
of the capital letters (see fig. 2): — (1) Those capitals of 
which the main element is a down-stroke grace-line, such 
as I, T, F, P, B, R, S, L, U, H, K, and J, to wMch add ¥ and 
W ; and (2) those in which the main element is an up-stroke 
grace-line A, N, M, with V and W, in which both forms of 
grace-line appear. These form seventeen capitals in all. 
The sameness of stem may easily be traced through all tliese 
letters as they are arranged in order from simplicity to com- 
plexity of form on Plate II. 

Prior to proceeding to explain the method of forming the 
different capital letters seriatim, it will be necessary to notice 
that those several minute additions to or alterations of the 
main lines which we have called accessories require attention, 
as they tend to impart completeness, flowingness, and ease 
to the letters which they help to form. These may be clas- 
sified as initial, medial, and terminal elements. They are, 
although necessary parts, not at aU invariable. A large 
amount of freedom of choice and style is allowed in these 
minor, though far from unimportant matters. Some prefer an 
initial dot, some a final one. Some seek to lend graceful 
ornamentation by hair-stroke curves, both as commencing 
and terminating elements. These may vary somewhat in 
form, and several of them will be seen in Plate II. 

They ought to be practised as elements, so that the 
student may consciously see their proper place and use, and 
avoid giving to them an elaborateness which may overshadow 
and make seemingly subordinate the main-stem elements of 
penmanship. This is a very general, and in one sense a very 
natural error. They attract and gratify the eye. They are 
at once the pride of the dexterous wielder of the pen, and the 
plague of the laborious imitator who seeks to round off his 
letters with the sweet felicity of sweep with which each 
capital is adorned. They too often excite in the student 
despair of ever winning the ability to rival that wondrous 
curvilinearity of initial and final which adds witchery to 
graphic art. A collection of those accessories which are required 
to add completeness to the combinations of lines or curves 
employed in the formation of letters is given on Plate IL 
All those essential connection^ by which line is joined to line 
ought to be carefully and delicately made, and those should 
be chosen in each case which afibrd the neatest form with the 
readiest currency in junction. They should flow into and 
shade off from the main lines as if they were parts of them. 

Plate II. exhibits a considerable number of those accessory 
parts — ^initial, medial or connective, and terminal — which can 
be most readily considered separately, practised sectionally, and 
explained easily; and we think we may best serve our readers 
by giving them those hints on their formation which seem 
most requisite now. They appear on the Plate in three lines. 
On the uppermost we have given three specimens of an acces- 
sorial terminal, such as occurs in N, ¥, and W, and is some- 
times used as an initial in L and in the second line of K. 
Next we have an initial form which may be used in com- 
mencing H and K, T and F, ¥, W, and Z. These are dotted 
forms. The six succeeding elements are the same forms in 
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ovalesqtie curves. The three last elements given on the top 
line are connectives, such as may be used in joining the main 
lines of I, T, P, H, K, 0, Y, and Z, and with some enlarge- 
ment may be used as parts of S, L, V, and W. In the middle 
line are given a few special connectives. The first six are 
specimens of medials, such as are employed in the formation 
of B, K, and R; the next three, of those which are used in E; 
the succeeding three occur as the crossing medial of F, and 
sometimes as the finals of M, K, H, R, and Z ; and the last 
are commonly employed to unite the main lines of A and H, 
while they occasionally appear as initial in H, R, V, W, and 
Z. In the lowest line we have a dotted upward initial which 
requires great care. The first element is the dot. That is 
made perfectly circular and completely black, at about half a 
height from the base-line. After it has been made, the pen 
is to be swirled with an easy grace round the left-hand outer 
edge of it, and swept in a clear distinct curve into the main 
grace-stem of the letters in which it is used — A, H, M. Next 
we have a down-stroke dotted terminal, such as occurs in 
I, P, T, S, P, B, R, G-, and some forms of K. The six speci- 
mens which Mow are the same elements given as ovals. The 
first takes a sweep from right to left, beginning at the height 
of a small letter, swelling to half a height higher, and then, 
coming gradually round, fades into the curve of the upward- 
going grace-line stem, of which, in fact, it forms a part. The 
length of the oval is neatest when it occupies about a space 
and a half of that allotted to the small letters. The more 
distinctly oval it is the pleasanter it is to the eye, and the 
more gracefully does the letter commence. It is seen in 
A, N, M; is often used in V and W, and sometimes at the 
left-hand side of P, B, and R. The down-stroke form occurs 
as a terminal in the main line of those letters which have 
been named as taking a dotted final. The looped medial 
appears as the lower connective in B, L, Q, and Z. The ter- 
minal ovalesques which follow are employed in G, J, Y, and 
Z as tail-forms, when they terminate on the base-line, but 
the last three are the tail-forms given to these same letters 
when they are taken below the line. 

All these forms should be studiously noted and carefully 
practised, and such familiarity in sweeping the pen along the 
course exemplified in the Plate ought to be gained, that no 
anxiety will be felt by the penman when he requires to intro- 
duce them in the capitals of which they form component parts. 
It win be a wise exercise of observation to note the different 
letters into which these elements enter, and to mark espe- 
cially the manner in which they help in the formation of each 
compound capital. It may seem at first sight as if we were 
trying to make much of trivialities in asking so much care to 
be exercised on matters so small. The advantage of our 
teaching will appear hereafter. The effective success of the 
large evolutions of a great army depends on the care taken 
in the minor affairs which make up drill, and no magnificence 
of manoeuvre can make up for the want of those neat junc- 
tions and admirable coadjustments which are brought about 
as the results of the skilful manipulation of men on the 
parade-ground. So ready and rapid, graceful and elegant 
penmanship depends on persevering drill of hand and eye, in 
the execution of those little movements which link the whole 
into unity, beauty, attractiveness, and legibility. 
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HYDRODYNAMICS — THE THREE FORMS OF MATTER — HYDRO- 
STATICS — SPEOIFIO GRAVITY — HYDROMETERS — SPECIFIO 
GRAVITY TABLES — SOLIDS — LIQUIDS — EQUALITY OF 
PRESSURE — WATER-LEVEL — SPIRIT-LEVEL — ARTESIAN 

WELLS SAFETY VALVE — PRESSURE PROPORTIONAL TO 

AREA — HYDRAULIC RAM— ACCUMULATOR — PRESSURE PRO- 
PORTIONAL TO DEPTH — PRESSURE INDEPENDENT OF SHAPE 
OF VESSEL — PRESSURE ON BASE AND ALTITUDE — EQUILI- 
BRIUM OF FLUIDS— CENTRE OF PRESSURE — PRESSURE UPON 
IMMERSED BODIES — PRINCIPLE OF ARCHIMEDES— EQUILI- 
BRIUM OF FLOATING BODIES — METACENTRB — GARTESIAN 
DIVER — FISH BLADDER SWIMMING. 

Hydrodynamics is the science wliich treats of the pressure 
or weight and equilibrium of fluids under the action of forces, 

VOL. I. 


some of which are produced by fluids, and of the equilibrium 
of bodies immersed in them. It includes h^droskitics^^ 
pneu 7 naiics, which have reference to the laws of motion in 
their application to liquids and gases respectively. 

All matter exists in three different conditions: the 
the liquid^ and the gaseous state, each of wMch exhibits dis- 
tinct and characteristic properties. The two latter states, 
liquids and gases, are both included in the term fluid. The 
fundamental principles of hydrodynamics are governed by 
Newton’s laws of motion, but as the mobility of the moiecules 
of fluid bodies gives rise to important differences between tlia 
behaviour of fluids and that of solids under the action of ex- 
ternal forces, it is more convenient to consider the former by 
themselves. 

A fluid is a substance whose parts yield to any force im- 
pressed upon it, and the molecules of which are readily moved 
among themselves. The cause of fluidity in bodies is as yet 
undetermined, but has been supposed to depend upon the 
form of the molecules, on the modifications in their mutual 
attraction caused by temperature, or on both these circum- 
stances combined; but whatever may be the primary cause, the 
property of fluidity is immediately dependent upon the more’ or 
less perfect mobility of the molecules among one another. This 
property of mobility distinguishes all fluids from rigid bodies, 
in which the molecules retain their relative positions and offer 
considerable resistance to any force tending to move them. 

A solid body may be separated into two or more parts by 
the exertion of a certain amount of force or pressure — as in 
the act of cutting wood with a knife, or iron with a chisel- 
dependent upon the nature of the substance; but if a knife 
be passed through a mass of liquid, in the direction of its 
cutting plane, very little resistance will be offered, as the 
molecules of the liquid cohere so feebly together that a very 
slight force will separate them one from another. Again, a 
solid substance possesses a definite shape, which cannot be 
changed without the application of a certain amount of force; 
a fluid substance possesses no definite shape, but at once 
adapts itself to the form of the vessel in which it is contained. 
Fluid bodies therefore, under the action of gravity, cannot rest 
on a level surface without the assistance of lateral support, 

I and cannot of course sustain any longitudinal pressure, how- 
ever small, without the support of lateral pressure. A fluid 
may therefore be defined as a substance whose molecules 
yield to any force impressed upon and by yielding are 
easily moved among themselves. 

B&erences exist in the fluidity of different bodies; mercury 
and water are highly mobile, while the particles of other 
liquids, as oils, treacle, tar, &c., have a greater adhesion to 
one another. Such fluids are termed viscous. It is believed 
that all the non-elastic fluids, and probably also the gases, at 
certain temperatures lose their fluidity and congeal into a 
solid mass, as mercury, water, oil, &c., although certain 
liquids, as alcohol, ether, and carbon disulphide, have not yet 
been frozen. 

Since the molecules of all bodies, fluid as well as solid, 
are separated by intermolecular spaces, it may be conceived 
that no fluids can be absolutely incompressible. Thus 
oil, water, and mercury, under enormous pressure, can be 
reduced in volume in certain degrees — those liquids which 
have the ^eatest specific gravity suffering the least compres- 
sion. This diminution is, however, so small when compared 
with the volume of the fluid, that for all practical hydrostatic 
purposes liquids (as distinguished from gaseous fluids) may be 
considered as capable of no change of volume by the ordinary 
pressures to which they may be subjected. 

The two great divisions of fluids are liquids and gases, and 
each again have their distinguisMng properties. If a given 
quantity of water be placed in a vessel, it will occupy a cer- 
tain space in the vessel, and no more, but if a small portion 
of hydrogen or other gas be introduced into an exhausted 
vessel, however lai’ge, the gas will expand so as to fill every 
part of the vessel; therefore, while a given quantity of liquid 
has a definite volume, but no shape, a given portion of gas has 
neither definite volume nor shape, its volume and form being 
always those of the vessel in which it is contained. 

In hydrostatics, the units of measurement — length, area^ 
volume, mass, and time — ^are the same as those for statics; 
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but to facilitate the solution of various problems and formulae 
which follow, the following geometrical relations, which refer 
to the measurements of areas and volumes, are given. ^ 

The ratio of the cirmmf&reme of a circle to its diameter 

^ 3*141592 ==— ==?? about^ and is ewpressed by the Greek 
133 7 . ' ] 

letter nr, ^ ^ I 

The circumference of a circle where r is the radius 
of circle. 

The area of a circle^ 

The area of a sphere^ The rolume of a sphere 

3 ^ • 

The area of the curved surface of a cylinder equals the 
product of the height into the circumference of the base 
~%nrrh. 

The area of the curved surface of a cone equals the pro- 
duct of the slant side into half the circumference of the 
hase^nrr^h?-{-^^^ where h is the height of the cone. 

The volume of a cone equals one-third of the volume of a 
cylinder on the same base and of the same height —^nrn^h. 

SPEOmO OEAVITV. 

Specific gravity is a term used to express the weight of any 
body in some given volume, as a cubic foot, a cubic inch, &c. 
Distilled water is the substance generally employed as a 
standard of comparison for the weights of all substances except 
the gases, and since the volume of every substance varies 
with its temperature, the weight has to he ascertained at one 
constant temperature. The specific gravity of a solid or 
liquid body is measured by the ratio of the weight of a unit 
volume of that substance to the weight of an equal volume of 
water at 4® 0., which is taken as the standard. The specific 
gravity of gases is generally expressed by the ratio of the 
weight of a given volume of the gas to that of the same volume 
of air at 0® C., and 76 centimetres barometric pressure. When 
the specific gravity is considered as a ratio it is called relative 
specific gravity y the weight of the mass of a unit of 

volume is the absolute specifi>c gravity. Every body im- 
mersed in a fluid loses as much weight as an equal bulk of 
the fluid weighs. If, therefore, a body be of equal density 
with the fluid, say water, it loses all its weight, and requires 
no force but the weight of the displaced water to sustain it. 
If it be heavier its weight in the water will he the difference 
between its own weight and the weight of an equal bulk of 
water, and the force required to sustain it will be equal to 
that difference. If the body be lighter than water it will 
require a force equal to the difference of weights to keep it 
from rising in the water. The weights lost by immersing the 
same body into different fluids are as the specific gravities of 
. the fluids, and bodies of equal weight, but different hulk, lose, 
in the same fluid, weights which are reciprocally as the 
specific gravities of the bodies, or directly as their bulks. 

The weight of a body which will float in a fluid is equal to 
that of as much of the fluid as the immersed part of the body 
displaces when floating ; hence the weight of the whole body 
is to that of the part immersed as the specific gravity of the 
fluid is to that of the body. And when the weight of a body 
taken in a fluid is subtracted from its weight out of the fluid, 
the difference is the weight of an equal volume of the fluid ; 
this is to its weight in the air as the specific gravity of the 
fluid is to tliat of the body. Let therefore 

W be the weight of a body in air, 
w its weight in water or any fluid, 

S the specific gravity of the body, 
s the specific gravity of the fluid; 
then W — 'M? : W : : « : S, which proportion will determine 
either of those specific gravities, the one from the other: or 

^ W W— 

S « ^ s, the specific gravity of the body, and s == — ~ 8, 

W — w W 

the specific gravity of the fluid. Consequently, dividing the 
weight in air by the loss of weight in water, the quotient is 
the specific gravity required. When two bodies of different 
specific gravities are mixed together to form one compound 
the following are the equations denoting their weights and 
f^nedflc gravities. 


H- 

A- 

L= 

C= 


c — 


weight of the heavier bodyinair, I s its shape in gravity; 
“ same in water, f ^ ® 

“ Ughterbody in air, r . 

‘‘ same m water, J ^ ^ 

“ compound in air, > . ^ ^ 

" same m water, r <» 

w—the specific gravity of water. Then 

(1) (H-A) S=Hw, 

(2) (L-A s—Lte?, 

(3) -(0-~o)/-0^, 

(4) H-fL=C, 

(5) A 4” ==u, 

8^s T 

From these equations may be found any of the above quan- 
tities in terms of the rest. Thus from one of the first three 

equations is found the specific gravity of any body, as s = 

by dividing the absolute weight of the body by its loss in 
water, and multiplying by the specific gravity of water. 
Supposing the body L be lighter than water, then I will be 
a minus quantity, and the division will be by L-f? instead 
of L-^, and to find I recourse is had to the compoun d ma ss 
C ; and as from the fourth and fifth equations, L-^=C-<;~ 

H-A, therefore s = ^ divide the 

absolute weight of the light body by the differences between 
the losses in water of the compound and heavier body, and 

multiply by the specific gravity of water, or 

determined by the last equation. 

Again, if it is required to find the quantities of two 
ingredients mixed in a compound, the fourth and sixth equa- 
tions will give their values as follows, and 

(b-s)/ 

the quantities of the two ingredients, H and L, 
(S~s)/ ^ 

in the compound 0. 

In practice three methods are generally used to determine 
the specific gravity of solids and liquids ; these are, the 
specific gravity flask, the hydrometer, and the hydrostatic 
balance. They all three depend on the same principle-— -that 
of first ascertaining the weight of a body, and then that of 
an equal volume of water. The hydrometer is an instrument 
for determining the relative densities or specific gravity of 
fluids, and is constructed upon the principle that when a 
body is immersed in a fluid it loses as much of its weight as 
is equal to the weight of that portion of the fluid wMcli it 
disx>laces. If, therefore, the same body be immersed suc- 
cessively in two different fluids, the portions of weight wliich 
it will thereby lose will be directly proportional to the specific 
gravities of those fluids. As the weight of a fluid displaced 
by a floating body is constant — being always equal to the 
weight of the body, whatever may be the density of the fluid — 
it is obvious that from observing how much of the body is 
immersed, the specific gravity of the fluid may be determined, 
because when the weight is constant, the specific gravity 
varies inversely as the buHc. Upon this principle &yhed 
hydrometer is constructed, wMch is universally employed in 
the assessment of the spirit revenue of Great Britain. It 
consists of a thin brass stem about 6 inches in length, 
passing through and soldered to a hollow ball of the same 
material, and about an inch and a half in diameter. To the 
bottom end of the stem, from wliich the hollow ball is about 
an inch removed, a pear-shaped weight is permanently 
attached, so that when the instrimient is placed in a fluid the 
stem may float perpendicularly to the surface. The instru- 
ment is furnished with ten weights of different magnitudes, 
by the adjustment of which the instrument may be variously 
immersed so as to obtain the complete range of specif c 
gravity between pure alcohol and that of distilled water. 

So accurately can the specific gravity of alcohol be deter- 
mined by this instrument, that even the addition of a quari 
of water to 120 gallons of any spirit is immediately detected, 
The common hydrometer.^ invented by Fahrenheit in 1724. 
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consists of a straight stem generally made of glass, which 
terminates in two hollow spheres. The lower and smaDer of 
the spheres is weighted with mercury, so that the instrument 
may float in a perpendicular position. Let a = a section of 
the stem; W = the weight of the hydrometer, and •!;= volume 
of the instrument. If the hydrometer floats in water, assume 

that the stem is immersed 
to a point which is marked 
D, and that when placed in 
some other liquid the specific 
gravity of which is required, 
the stem is immersed to a 
point marked G. Then, if s 
be the specific gravity of the 
liquid, it follows W^s{v- 
a X AG) = '17 - X AD, taMng 
the weight of the unit- 
volume of water as unity, 

J.. j: 'll?— a x AD 

therefore s= 

i7~axAG 

Nicholson^ 8 hydrometer is 
a form of apparatus by which 
the specific gravity of solid 
as well as liquid bodies can 
be ascertained It consists 
of a hollow metal cylinder, a, 
at the lower end of which is 
suspended, with the base 
uppermost to form a scale 
pan, a cone, b, loaded with 
lead to insure the verticjal 
position in flotation ; to the 
top of the cylinder a fine 
stem is attached which car- 
ries a small dish or pan, o, 
in which is placed the sub- 
stance whose specific gravity 
is to be determined. On the 
stem a standard point, d, is 
marked. When the instru- 
ment floats in distilled water, 
with a certain weight, 
placed in the upper dish, it 
sinks to such a depth that 
the fixed mark n is on the 
surface of the water. When ! 
the specific gravity of a liquid i 
is required to be determined, 
the instrument is placed in it, 
and the upper dish is weighted 
until the fixed mark n is on a level with the surface of the i 
liquid. If W be the weight of the instrument, h the weight 
added to sink it to n in water, and w be the weight added 
to sink it to i> in the given liquid, W+i?? is the weight of the 
water displaced, and W H-'W? is the weight of the liquid dis- 
placed ; and as the same bulk of fluid is displaced in each 

case, the specific gravity of the liquid is — If it be 

W*f^ 

required to find the specific gravity of a solid, let X- be the 
weight that must be placed on the instrument to bring the 
point n on a level with the water. Place a smaU piece of 
the solid on the dish, and reduce the weight h so as to keep 
the instrument and the point n at the same level. Let m 
be the weight now employed, then weight of the solid 

body. Let the substance, the specific gravity of which is to 
be found, be placed on the base of the lower cone or table, 
and on immersion a greater weight than m by the weight of 
the water displaced by the body must be placed on the upper 
dish to maintain the instrument in the same position. Let 
n equal the weight now in the dish; then result- 

ant vertical pressure on the solid on the table of the lower 
cone “the weight of the water displaced by it .Therefore 

the specific gravity is 

n — m 

Perhaps one of the most convenient methods of obtaining 
the specific gravities of fluids is by means of what is termed 


Sykes’ Hydrometer. 


A55: 

the specific-grairity bottle. This is a bottle of a globular form, 
with an accurately fitted stopper, so adjusted as to contain 
exactly 1000 grains of distilM water at the temperature of 
60° Pahr., and accompanied by a weight, which is an exact 
counterpoise for the bottle when thus filled. In order to 
determine the specific gravity of a fluid by this means, it is 
simply necessary to fill the bottle with that fluid at tem- 
perature of 60 degrees, and place it, together with the adjusted 
weight, in the opposite scales of a delicate balance; then the 
number of grains which it will be found necessary to add to 
one of the scales, in order to produce equilibrium, will be the 
difference between the specific gravity of the fluid and that of 
water, taken at 1000. There are also other forms of hydro* 


C 



Niclaolson's Hydrometer. 



Beaum^ Hydrometer, 


meters of variable immersion hut of comtant weight The 
Beaume hydrometer will serve as a type. It consists of a 
glass tube, loaded at the bottom with mercury, and with a 
bulb blown in the middle. The stem, thf^ external diameter 
of which is as regular as possible, is hollow, and the scale is 
marked on it. The graduations of this scale differ according 
as the liquid for which it is to be employed is heavier or 
lighter than water. If employed for the denser medium, it 
is so weighted that it sinks in water nearly to the top of the 
stem, to a point which is marked zero. It is afterwards im- 
mersed in a solution of 15 parts salt to 85 parts water, and 
; the point on the stem to where it sinks is again marked. The 
I distance betweeh these two points is divided into fifteen equal 
i partis, and if necessary the graduation continued to the bottom 
! of the stemu Por liquids lighter than water a different scale 
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is employed, and the instrument is differently weighted. The 
graduation of the hydiometers is quite conventional, and 
they give neither the densities of the liquids nor the quanti- 
ties in solution, but they are very useful in making solutions 
in given proportions, and in evaporating solutions to a given 
degree of concentration. Lactometers and salimeters are 
Rmii l a.v instruments. The lactometer is constructed on the 
knowledge that the average density of a good natural milk is 
1*029. Therefore, if water is added to milk, it will indicate 
a lower specific gravity. As the density of millc, however, is 
increased by removing the cream, its specific gravity is in- 
creased, and if water is added to restore it to its proper 
density, the lactometer will not reveal the adulteration. 

Specifio Uhavity op Important Sonii) Substanoes, 



Water at 4 

" C. = 1*00. 


Platinum, cast, 


. 20*86 

Sulphur, native, . . 

.2*03 

Gold, cast, . 


. 19*25 

Ivory, , . . . . 

. 1*92 

Lead, cast, . 


. 11*36 

Graphite, . . 1*8 

to 2*4 

Silver, . . . 


. 10*47 

Phosphorus, . . , 

. 1-77 

Bismuth, . . 


. 9*82 

Magnesium, . . . 

. 1-74 

Copper, hammered, 

. 8*88 

Amber, 

. 1*08 

Copper wire, . 


. 8*78 

Anthracite, . . , 

. 1*80 

German silver, 

« • 

. 8*43 

Goal, dense, . . . 

. 1*33 

Brass, . . . 

• • 

, 8*39 

Ebony, 

. 1*33 

Nickel, . . 

• « 

. 8*28 

Oak, English, . 0*97 

to 1*17 

Steel, • • • 


. 7*82 

Mahogany, Spanish, . 

. 1*06 

Iron, wrought, 


. 7-79 

Box, French, , . . 

. 1*03 

Iron, cast, . 

• • 

. 7*21 

Wax, white, . , . 

. 0*97 

Tin, . . • 

• « 

. 7*29 

Sodium, .... 

.0*97 

Zinc, . . . . 

• • 

. 7-00 

Potassium, .... 

.0*86 

Antimony, • 


. 6-71 

Beech, ..... 

.0*85 

Iodine, . • 


. 4*95 

Ash, , . . . . . 
Maple, . . . . . 

.0*84 

Heavy spar, , 


. 4-43 

.0*75 

Diamond, . . 


. 3*26 

Cherry-tree, . , . 

. 0-71 

Flint-glass, . 

3‘78 to 3*2 

Walnut, . . . . 

.0*68 

Aluminium, . 


. 2-57 

Pitch-pine, . • . 

. 0*66 

Bottle-glass, , 


. 2*60 

Elm, . . • . . 

. 0*60 

Plate-glass, . 


. 2*37 

Cedar, . . . . . 

. 0*59 

Marble, . . 


. 2*84 

Willow, . . . , . 

. 0*68 

Emerald, . . 


. 2-77 

Larch, . . , . , 

. 0*64 

Rock crystal, 


. 2*66 

Poplar, . . . . . 

. 0*38 

Porcelain, 

2-49 to 2-14 

Liquids 

Cork, . , . . , 

AT 0" C. 

. 0*24 

Mercury, . 

, 

. 13*596 

1 Tar, 

. 1*015 

Sulphuric acid, 


. 1*848 

Water, distilled, at 4° G. 1*000 

Nitric acid, . 


. 1*500 

Linseed oil, . . . 
Proof spirit, . . . 

. 0*940 

Aqua regia, 


. 1*234 

. 0-930 

Hydrochloric acid, 

. 1*218 

Olive oil, .... 
Ether, hydrochloric, 

. 0*930 

Blood, human, 

. 

. 1*045 

. 0*874 

Ale, average, 


. 1*035 

Turpentine, oil of, . 

. 0*870 

Milk, . . 


. 1*030 

Brandy, .... 

. 0*837 

Sea-water, , 

• • 

. 1*028 

Alcohol, absolute, . 

.0*796 

Vinegar, 

. . . 1*026 

PRESSURE 

Ether, sulphuric, . 

OF FliUIBS. 

. 0-720 


It is one of the properties of inelastic fluids that they 
always seek to find their level; that is, if any part of the 
fluid be raised higher than the rest by the application of any 
force, and then left to itself, the raised portion of the fluid 
will descend by gravity until its surface is in equilibrum, and 
level with the other portion. This is illustrated by reference 
to figs. 8 and 9, Plate Y. o and k are the two arms of a 
bent tube in communication with each other at n and m, and 
filled with a liquid. If external pressure is exerted upon the 
surface of the fluid in the arm k, the liquid will descend and 
rise in the arm o in the same proportion, but remove the 
pressure at k and the fluid in o will immediately descend and 
find its level at e n and a b. In fig. 9 the bent tube is 
immersed in a vessel, p o h n, filled with liquid, and if the 
liquid has access to the tube by a hole made at m, the fluid in 
the vessel, and the two arms of the bent tube, will be at the 
same levels, bp, ab, be. This principle is often utilized in 
the laying on of water services to houses in cities and towns. 
The reservoir containing the water is constructed on ground 
at a higher elevation than the houses, and as the water in the 


pipes endeavours to rise up to the same level with the liquid 
in the reservoir, the supply is delivered to the houses without 
mechanical pressure, or forcing the water through the pipes 
and mains in the streets. 

Another application of this property of an inelastic fluid 
always finding its level in communicating tubes is the water- 
level It consists of a metal tube bent up at both ends, in 
which are fitted glass tubes. It is placed on a tripod stand, 
and water is poured into the tube until it rises in both the 
glasses. When the instrument is at rest the level of the 
water in both tubes is the same, and will be upon the same 
horizontal plane. When it is required to determine the 
difference of elevation between any two stations, A and B, a 
leveUing staff is fixed vertically at B, and the observer looks 
at it through the level, keeping the two surfaces of the liquid 
in the tubes in a line; the levelling staff at B is then raised 
or lowered until the centre mark on the staff is in the same 
plane with the two surfaces of the liquid in the tubes. The 
height at B is then measured from the ground to the centre 
mark on the staff, and subtracting it from the height of the 
level the height of the station A is obtained, 
i The sfirit-level is a more accurate instrument than the 
water-level, and is based upon the same principle. It con- 
sists of a glass tube about 6 inches long, very slightly 
convex, and filled with spirits of wine, with the exception of 
a bubble of air, wMch always tends to occupy the highest 
part of the tube. The tube is fitted into a brass or wooden 
case, the bottom of which is a plane surface, and the tube is 
so arranged that when in a perfectly horizontal position the 
bubble of air will be equi-distant from the two ends of the 
case, and be exactly between two points marked on the case 
to indicate this position. When levels are taken vith this 
instrument it is fixed on a mounted telescope, wliich can 
consequently be brought into the necessary position to place 
the air bubble in the horizontal position in the level The 
rise of springs to the surface of the ground, the flow of rivers 
towards the sea, and the construction of Artesian wells, are 
all e^mples of the tendency of liquids to find their level 
The flow of a spring is illustrated at fig. 7, Plate V. a and 
b are two underground reservoirs, or accumulations of water 
from the percoMons of rain through the surface of the 
ground, and communicating with each other by the fissure b. 
The water by gravity forces its way through crevices o and f 
to the lower level o, where it issues forth as a spring. The 
Artesian well, which derives its name from the province of 
Artois in France, is dependent upon the drainage of water 
from higher elevations into a basin or area of greater or less 
extent, the geological formation of wliich consists of two 
impermeable beds of earth, such as clay, inclosing between 
them a permeable layer of sand, gravel, or other porous earth. 
The rain-water falling upon the part of this porous layer 
which comes to the surface on the liigher elevations of the 
hills surrounding the basin, filters through it, and by the 
natural fail of the ground accumulates in the porous stratum 
in the hollow of the basin, whence it cannot escape by reason 
of the two masses of impermeable clay above and below it. 
If a well is therefore dug in the hollow of the basin, and 
reaches this porous stratum where the water has accumulated, 
the water wiU rise and spout up to a height wliich depends 
on the difference of the levels between the out-crop of the 
porous stratum on the distant hills and the point at which the 
well is sunk. Very frequently the water drainage which 
feeds Artesian wells is derived from sources of sm*face drainage 
some 60 or 70 miles distant, and the depth of the accumula- 
tion under the basin varies in different places. The celebrated 
Artesian well at Grenelle is 1800 feet deep, and supplies 656 
gallons of water per minute. The temperature of the water 
is at the surface 27" C., and, on account of the increase of 
temperature with increasing depth below the surface of the 
earth, if this well were 210 feet deeper, the water would flow 
with a constant temperature of 32" C., the ordinary tempera- 
ture of a warm bath. 

All inelastic fluids possess the property of transmitting 
pressure equally in every direction, and any pressure exerted 
upon any point of their surface is so transmitted in every 
direction. When a fluid is pressed by its own weight, at any 
point, it transmits the pressure equally in all directions, be- 
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cause liquids are bodies whose molecules are displaced by the the amount of pressure which must be appliea to the larger 
slightest force. This property is the fundamental principle opening to keep it in equilibrium will bear the same pro- 
of hydrostatics, and it may be resolved into two laws:— portion to the pressure applied at a that the area of the larger 
force exerted hy a fluid m any surface with which it is in opening bears to the area of a. From this it follows that if a 
contact is perpendicular to that surface. Thus the pressure fluid be confined in an inclosed vessel, any pressure upon any 
exerted by the fluid against every part of the surface of the area of the surface of the containing vessel will be transmitted 


sides or bottom of the vessel containing it, whatever the 
shape, will, while the fliuid is at rest, be perpendicular to the 
surface, as no force can produce motion in a direction perpen- 
dicular to its own direction; if it were otherwise the reaction 
of the surface could not entirely destroy tloat pressure, and 



aining it, whatever the equally through the fluid to every equal area in any other part 
be perpendicular to the of the vessel It is this law which renders the safety-valve of 
ion in a direction perpen- the steam boiler reliable. Thus if the area of the valve on a 
re otherwise the reaction boiler be one square inch, and the pressure of the steam be 
3stroy tloat pressure, and required not to exceed 75 lbs. on the square inch, which is the 
some portion of it would load on the valve, any excess of pressure beyond the 75 lbs. on 
disturb the equilibrium the square inch of surface of the boiler will immediately open 
wliich is the condition of the valve, and it will remain open until the pressure of the steam 
the fluid in the vessel is reduced to 75 lbs. on the square inch. The same principle, 
The second law, which that any force acting upon the surface of a fluid is trans- 
is generally known as mitted through the fluid equally in every direction, has been 


PascaVs principle, may applied to multiply pressure; this is a sequence of PaseaFs 


a" be stated as follows: — law. Let dobe, fig. 1, Plate VI., be an elastic reservoir 

/ Z — When a fluid is pressed capable of rising as it is filled with water, b a tap from the 
- ‘7i. \ hi weight, or hy bottom of the reservoir and carrying b a, a long vertical tube. 

force, this If water is poured down the tube it will flow into the reser- 
pressure is transmitted voir, and when a sufficient quantity has entered, the liquid in 
y equally throughthefluid the reservoir and in the tube will stand at the same level, say 

m eoery direction, Tliis o. Let the six weights be now placed upon the top of the 
[f experimentally reservoir, and additional water be poured into the tube a b, it 

proved. Let b c n be will be found that a position of equilibrium will be maintained 
three openings of equal at, say, a. The pressure exerted by the column of liquid in 
area in a globe filled with the tube a b, above the level g n o, is sufficient to support the 
water (see cut), kept closed mechanically by such a force weights, as this pressure is communicated to every element of 


in eoery direction, Tiiis 
may be experimentally 
proved. Let b c n be 1 
three openings of equal i 


as is necessary to balance the pressure of the piston at a. area on the surface of the reservoir n o equivalent to the 
If any additional load be put upon this piston it will be sectional area of thetube a b, and therefore the whole pressure 

on n 0 is as many times greater than the weight of water in 
A B as the area of n o is greater than the area of the tube; 
shown by the dotted lines indicating the area. Let a be 
sectional area of the tube, x the area of the reservoir, 

. 7 11 ^ pressure at g, produced by the weight of the column 

® IraHT of water in the tube about it. Then p=g5X agx?^;, where 

iH w is the weight of the unit volume of water in the tube; and 

I III as X is the sectional area of the reservoir o n, the pressure 

I |||i communicated to o n will be— x axAGXw=xxAGx-24?. 

j|i Therefore, ^—xxkb'x.w. From this it follows that with 

II a tube sufficiently narrow, to the liquid in which a pressure is 

I B applied, a quantity of liquid, however small, can in principle 

i B support a weight however large. In the illustration, let the 

I I area of the surface of the reservoir be 336 square inches, 

|i; I B the sectional area of the tube 1 square inch, and the weight 

7 1 IP of the column of water in the tube 1 lb., then 1 Ib. pressure 

I'i III 11 il from the tube will sustain 336 lbs. on o n, which equals the 

- v amount of the weights, 3 cwts. 

i FI It will easily be deduced from 

^ ^ pressure of 200 lbs. 

i|B ||l| iL was exerted on the column .of 

/""' I JSIL ^ water at a, the pressure on the 

illfa reservoir would 1^ 200 >c 336, or 

i|n'' I beenmadeuseofintheconstruc- 

jlii'l I ml tion of the Bramah press and other 

,1 I' machines for exerting great force 

1 in raising weights, such as the 

ft hydraulic Mt. 

^ The hydraulic press (see cut) 

I is an iron cylinder, cc^ in which 

bl piston pj>. Let 1 1 he 

ing inmrds. Let^^tbe cavity of 
c c he filled with water, as also a 

of the small tube t; thepres- 

^ sure of a single pound applied 

iydraiUic Pre^ ^ ^ will be as the area oi^he end 

found that the same amount of force must be exerted on the of the piston y? ;k> to that of the piston s in the forcing- 
pistons B, c, and D to prevent them being forced outwards; pump. 

and if the area of one of the openings be larger than the others, If we suppose the diameter of the former to be 10 inches^ 
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and that of the piston in the forcing-pnmp to be a quarter 
of an inch, then the proportion between the surfaces of the 
pistons will ' be tliat of 1600 to 1 ; and on the principle of 
the equal pressure of fluids in every direction, the force with 
which the piston p j:? is raised is to the resistance against the 
lower surface of that in the forcing-pump in the same pro- 
portion. 

The action of the press is as follows : — The piston of a 
small forcing-purnp is shown at s. When this piston ascends 
the water rises from the cistern h into the tube of the pump, 
shown in section, a rose f being fitted to the lower end of the 
tube to prevent extraneous matters from being drawn into 
the pump. When the piston descends it closes the valve 
and compresses the water strongly against it. The water, 
therefore, escapes by the tube % and is forced into the 
cylinder. But when the piston rises again for the next 
stroke and the pressure is momentarily relaxed, the water 
cannot return because of the valve d. The piston p p rises 
with irresistible force, pressed upwards by the growing mass 
of water beneath it at each stroke of the forcing-pump. It 
is essential that it should work easily, but should be water- 
tight This is effected by the ingenious collar of Bramah, 
one of the most important improvements in connection with 
the hydraulic press, which is so contrived that the greater 
the pressure, the firmer the grip of the collar upon the piston, 
by which means all leakage is avoided. It consists of a 
broad ring of leather, well saturated with oil, so as to be im- 
pervious to water. The edges of the ring are bent down- 
wards so as to form in section a fi. This is fitted into a 
groove in the neck of the cylinder, and being concave 
downwards, in proportion as the pressure increases, the more 
tightly is it pressed by the water against the sides of the 
piston and the neck of the cylinder, preventing any escape 
of water. Thus the plate n n rises towards the fixed plate 
and bales or goods placed between them receive the pressure 
required. The force-pump is worked by means of a lever 
handle, which increases the power in proportion as the pres- 
sure on s is augmented by the length of the lever. The 
hydraulic press is employed in compressing cotton, hay, cloth, 
paper, and bales of merchandise generally. It is also used 
for expressing oil from seeds, and bending thick iron plates, 
testing the strength of boilers, cannon, and chain cables. In 
the form of the hydraulic ram it exerts a driving force, used 
largely in important launches of great ships ; or in another | 
form it raises heavy weights, as instanced in the enormous 
tubes of the Menai Bridge raised by Robert Stephenson. 
The cylinder of the largest hydraulic ram used at the Menai 
Straits was 9 feet long and 22 inches in internal diameter; 
it was capable of raising a weight of 2000 tons. 

When hydraulic machinery is employed to produce great 
power which is only required at intervals, such as for raising 
l3ridges, or the opening of dock gates, the traction of railway 
goods-trucks, working of cranes, &c., an accumulator is used. 
The piston or ram f is heavily loaded, and the water is forced 
into the cylinder under great pressure by powerful pumps. 
Brom the bottom of the cylinder a tube conducts it to any 
place where the power is required to be applied, and the flow 
of a very small quantity of water will perform a great amount 
of work, so that if the large piston sinks only one-sixteenth 
of an inch, the flow of about a pint of water may represent 
an amount of work of over 1200 foot-pounds. 

EFFECTS OF BEPTH ON PKESSITRE OF FEtllDS. 

AU fluids are subject to the action of the force of gravity 
in the same manner as solid bodies, and as a fluid is supposed 
to consist of an infinite number of particles pressing down- 
wards in a vertical direction, and exerting the same pressure 
in every direction, but which is counteracted by the equal 
pressure of all the surrounding particles, it follows that the 
pressure of any point within a heavy inelastic fluid at rest 
and not exposed to external pressure, is proportional to the 
depth of that point below the surface of the fluid. 

Let m (fig. 2, Plate VI.) be a point at the depth o m below 
the surface of the fluid contained in the vessel a b o n. Sup- 
pose the fluid contained in the small vertical cylinder o m 
e5i:tending from the base m to the surface o to become a 
solid, then the forces acting upon this cylinder o m 


the fluid pressures on its curved surface, all of which are In 
a direction perpendicular to its axis ; (2) the weight of the 
cylinder o m; (3) the fluid pressure on the base m, parallel 
to the axis. 

The first has no tendency to produce motion in the direction 
of its axis, therefore there is no vertical motion. The fluid 
pressure on the base m is equal to the weight of the cylinder 
m 0 , and is therefore proportional to the height m o, or the 
depth of the point m below the surface. Any given mass of 
liquid in a state of rest in a vessel may therefore be conceived 
to be divided into innumerable horizontal sections or layers of 
the same density, and each layer will support the weight of 
those above it. Gravity therefore produces internal pressures 
in the mass of a liquid, which vary at different points below 
the surface. The effect of gravity may be stated as follows : — 
The pressure in each layer is proportional to the depths and 
with liquids of different densities the pressure at the ssame 
depth is proportional to the density of the liquid. The 
pressure is the same at all points of the same hoiizontal 
layer. In figs. 3, 4, and 5, Plate VI., some of these assumed 
strata in the liquids contained in the vessels are indicated; 
thus the pressure on v x (fig. 3) will be as the def^th a v; the 
pressure on the stratum o t as the depth a g, and so on. 
The increase of pressure, as the depth of the liquid is aug- 
mented, is indicated by the darker shading of the sections. 
Although the pressure exerted by a liquid on any part of the 
liquid, or on the sides of the containing vessel, depends on 
the depth and density of the liquid, it is wholly independent 
of the shape of the vessel, and of the quantity of the liquid. 
This law, which depends upon the equality of pressure, may 
be experimentally demonstrated. Let b c (fig. 6, Plate VI.) 
be a brass tube, the bottom of which is sustained in its place 
by the arm q of the scale s, into which any weight, p, is 
placed to maintain equilibrium, or exert any additional force 
that may be necessary to overcome additional pressure placed 
upon it. A conical shaped glass is screwed upon the tube b o. 
A small pump, m n, is attached to the water-pan of the 
apparatus, by means of which the glass vessel is now fiHed 
with water to a certain height marked upon a vertical indi- 
cating rod fixed in the centre of the tube b o, and the weight 
p is so adjusted as exactly to counterbalance the weight or 
pressure of the liquid in the vessel The conical glass being 
unscrewed, the cylindrical vessel, fig. 7, is attaclied by tlie 
screw or socket to b o, and also filled with liquid to the sam-? 
height as the larger vessel, which is observed by means of the 
mark on the index rod, and it will be found that to keep the 
lower disc in its place exactly the same weight must be placed 
in the scale-pan as before. The same result will be obtained 
when the narrow tube (fig. 8) is placed on the tube b c. These 
results demonstrate that the pressure upon the lower plate of 
the tube is exactly the same in each case, and independent of 
the shape of the vessel or the quantity of liquid — the base 
of the vessel b o being the same in each case. The principjle 
here enunciated proves that a very small quantity of water is 
capable of producing considerable pressures. Let an ordinary 
beer cask be filled with water, and insert a long tube tightly 
into the bung, if water be poured into the tube the pressure 
exerted upon the bottom and sides of the cask bears the same 
ratio to the weight of the column of water in the tube as the 
total area of the bottom and sides of the cask bears to the 
sectional area of the tube. By means of a narrow column of 
water 40 feet high Pascal succeeded in bursting asunder a 
very strong oak cask. It therefore follows tliat the pressure 
of a fluid on the hose of the vessel in which it is contained 
is as the hose and perpendicular altitude, whatever he the 
figure of the vessel containing the fluid. If the sides be 
upright, so that the vessel forms a prism or cylinder of uni- 
torm width throughout (fig. 3), then the base supports the 
whole fluid, and the 'pressure be equal to the weight of 
the fluid it contains; because the fluid may be considered to 
be made up of innumerable vertical colums of fluid, and as 
each of these columns will pass vertically downwards with its 
weight, therefore the sum of these pressures will be the 
weight of the fluid, and the base being horizontal will sustain 
all these vertical pressures. 

if the vessel containing the fluid be wider at the top than 
at the bottom (fig. 4), then the bottom sustains only a pres- 
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sure equiTalent to a column of tiie fluid of which the base is 
the base m n of the vessel, because the other parts, as a m h, 
are supported by the sides of the vessel, and have no influence 
upon the column of fluid beyond keeping it in position by the 
lateral pressure upon its sides,, as m h, wMchin no way affects 
its perpendicular pressure. The pressure therefore upon the 
bottom, M N, is less than the weight of the fluid contained in 
A M N E. If the vessel be wider at the bottom tlian at the 
top, the bottom will still be pressed with a weight which will 
be equal to that of a column of water of which the base is 
that of the base of the vessel In tliis case, therefore, the 
pressure upon the base of the vessel exceeds the weight of the i 
contained fluid. Consequently, in vessels of any figure, regular | 
or irregular, upright or slanting, or with wide or narrow , 
mouths, or variously wide and narrow in different parts, if the 
bases and perpendicular altitudes be the same, the bases ! 
always sustain the same pressure. ' 

Therefore when the heights are equals the pressures are as • 
the hoses; and when the bases are equals the pressure is as ■ 
the height; and when both the heights and bases are equal i 
the pressures are equal, though the quantity of fluid may vary, ^ 

When several liquids of different densities are placed in the 
same vessel, it is necessary, to establish equilibrium, that they i 
should be superimposed upon one another in the order of their 
decreasing densities from the bottom upv)aTds, so that each ' 
liquid satisfies the conditions necessary for a single fluid. ; 
This can be illustrated experimentally by placing mercury, 
water saturated with carbonate of potassa, coloured alcohol, i 
and petroleum in a narrow bottle. TOen the bottle is shaken , 
the liquids will all mix, but allowing the bottle to rest the 
liquids will again separate and arrange themselves in the 
order of their respective densities. The mercury sinks to the 
bottom, the water comes next, then the alcohol, and then the 
petroleum (the water is saturated with carbonate of potassa 
to prevent mixing with the alcohol). This separation of the 
liquids is due to the same cause as that which enables a cork 
to float on water or a cannon ball on mercury. For the same 
reason the fresh water brought down, at the mouths of rivers, 
floats for a long time on the surface of the denser salt water 
of the sea. Cream floats on milk because, being less dense 
than the xmlk, it separates from it and rises to the surface. 
When two liquids of different densities which do not mix 
are contained in two communicating vessels, they wiU be in 
equilibrium when, in addition to the preceding conditions, 
they are subject to the following : that the heists above the 
horizontal mrface of contact of two columns of liquid in 
equilibrium, are in the inverse ratio of their densities and 
in proportion to the areas of their bases. This may be illus- 
trated by taking a bent glass tube a bod, (fig. 9, Plate 
YI.) The column of water e g, pressing upon the mercury 
at G H, lowers its level in the arm b g, and raises it in the 
other arm by the quantity no; so that if, when equilibrium 
is established, a horizontal plane, g h o, is supposed to pass 
through G H, the column of water in g e balances the column 
of mercury o n. If the heights of these two columns are then 
measured, and the two arms of the tube were of equal area, 
it will be found that the height of the column of water is 
13| times greater than the height of a column of mercury of 
the same area on the base, and as the density of mercury is 
nearly 13| times that of water, it follows that the heights 
are inversely as the densities. This principle may be deduced 
from a very simple calculation. Let d and e?' represent the 
densities of water and mercury, h and h' their respective 
heights, and g be the force of gravity. The pressure on b 
will be proportional to the density of the liquid, to its height, 
and to the force of gravity, or therefore to the product dhg. 
Similarly the pressure on o, supposing it to be of equal area 
mth B, will be proportional to d'Ng\ but to produce equi- 
librium dhg must be equal to d-h*g' or dh=^d'h'; and as the 
products must always be equal, w must be as many times 
greater than d as h' is less that A. From this the density of 
a liquid may be determined. Let one tube contain oil and 
the other water, and their heights be respectively 15 inches 
for the oil and 14 inches for the water. The density of 
water being taken as 1, and that of oil being represented by 

then 16 x^==14x 1, and =0-933. 


When a plane surface is immersed in a fluid the pressures 
at different points of the surface are perpendicular to it, and 
constitute a system of parallel forces, the sum of which is the 
whole pressure. The point at which this pressure acts is 
termed the centre of pressure, and is the point of action of 
the single force equivalent to the whole pressure exerted by 
a fluid on any plane mrface with which it is in contact. 
When a plane surface is immersed horizontally the centre of 
presmre corresponds with the centre of gravity, but this is 
not the case if the plane surface be immersed in any other 
position, because then the pressure upon equal areas varies 
as the perpendicular height of the column of fluid, and the 
different elements of area over the whole surface are at differ- 
ent depths below the surface of the fluid. The centre of 
pressure, or the point in the plane surface which is the result- 
ant of the sum of these forces, does not correspond with the 
centre of gravity of the surface. The centre of pressure in 
any surface subject, like the side of a vessel containing a 
fluid, to the hydrostatic pressure of the fluid, is that point 
at which a force, being applied in a contrary direction to that 
of the pressure, will keep the surface in equilibrium ; and 
when the surface pressed is symmetrical on each side of a 
line joining the centres of gravity and pressure, the latter 
coincides with the centre of percussion in mechanics. When 
a triangle in a vertical position is pressed by a fluid, its vertex 
coinciding with the surface of the fluid, and its base being 
horizontal, the distance of the centre of pressure from the 
vertex is equal to three-fourths of the perpendicular of the 
triangle. If the triangle have one of its sides in the surface 
of the liquid, the depth of the centre of pressure will be half 
that of the apex immersed ; because if the triangle be divided 
into a number of narrow horizontal strips, the pressure on 
each strip acts at its middle point, and consequently the 
whole pressure on the triangle will act somewhere in the 
medium line drawn through the middle point of the side in 
the surface of the liquid. As, however, the pressui-e on each 
strip is proportional to its area multiplied by its depth, the 
value of tMs product is constant for every pair of strips at 
equal distances from the middle point of the medium line. 
Consequently the resultant pressure acts at the middle point 
of this line, or the depth of the centre of pressure is half tliat 
of the apex immersed. 

When a body is wholly immersed in a fluid every point of 
its surface is subjected to a pressure perpendicular to the sur- 
face at that point. Now, as all these pressures can be resolved 
into horizontal and vertical components, and since the horizon- 
tal pressures balance each other, the resultant pressure must 
be vertical, and act downwards or upwards. Again, as the 
pressure varies with the depth, the sum of the pressure on 
the lower half of the body will be greater than that on the 
upper lialf, and therefore the resultant of all the pressures on 
an immersed body is a force acting vertically upwards. This 
force is termed the resultant vertical pressure. When a 
symmetrical body with vertical sides is wholly immersed in a 
fluid, the magnitude of this resultant pressure is readily ob- 
tained, The downward pressure upon the body exerted by 
the fluid is equal to the weight of the column of fluid having 
its upper surface for a base, whilst the upward vertical pres- 
sure is equal to that of a column having its lower surface for 
a base, therefore the resultant vertical pressure will he equal 
to the difference between the weight of these two columns, or 
to the weight of a column of fluid equal to the distance be- 
tween the upper surface and lower surface of the body, which 
is the weight of the fluid displaced. 

When the body is of irregular shape, a more general method 
of proof is adopted. Let the body to be immersed be sup- 
posed to be a portion of the fluid itself solidified; if no 
change of density takes place, the solidified fluid will remain 
as before, in equilibrium. Therefore, the weight of this por- 
tion of the fluid, which acts, at its centre of gravity, vertically 
downwards, is counterbalanced by the upward pressure of the 
fluid; and the resultant vertical pressure equals the weight 
of the solidified fluid. But as the fluid would exert exactly 
the same pressure on any other body occupying the same 
space in the fluid, the resultant vertical pressure on any body 
I immersed is equal to the weight of the fluid displaced, and 
acts at, its centre of gravity, which point is termed the centre 
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of displacement or centre of l)uoyanGy. This principle is 
known as the principle of ArchiMedes, who discovered it 
about 250 b.o. It may be briefly stated as follows: — When 
a body is immersed in a fluids it is subject to the resultant 
pressure of the fluid on the surface of the lody^ which is 
equal to the weight of the fluid displaced, and which acts at 
the centre of buoyancy vertically upwards. Consequently 
when a body floats in a fluid, in order to bring its upper sur- 
face level with tlmt of the fluid, it must be loaded with a 
weight equal to the difference between the weight of the body 
or of the displaced fluid, and the weight of a volume of the 
fluid equal to that of the whole body. The weight which a 
floating body will thus sustain is termed the buoyancy of the 
body ; and on this principle depend the ordinary rules for 
the computation of the buoyancy of vessels, rafts, mooring 
buoys, caissons, &c. If a solid body float in equilibrium in a 
fluid the centres of gravity of the body and of the displaced 
fluid must be in one vertical line, otherwise the upward pres- 
sure of the fluid below, which necessarily has its resultant in 
a vertical line passing through the centre of gravity of the 
place occupied by the body, would produce in the body a 
rotatory motion. This circumstance has given rise to three 
distinctions in reference to the equilibrium of floating bodies. 
(1) If the centre of gravity of the body be below that of the 
displaced fluid, the body is said to possess a stable or firm equi- 
librium; (2) if the centre of gravity he above that point, the 
body is said to float with unstable equilibrium; (3) if the 
centres of gravity exactly coincide, the body will float in any 
position, and is said to be in neutral equilibrium. Whether 
a floating body, partly immersed, can suffer a partial dis- i 
placement without being capsized is a matter of immense 
practical importance, as the safety of all vessels at sea depends 
on it. Owing to the action of the tides, wind, and waves, 
a vessel rarely floats in perfect equilibrium, but is continually 
undergoing a rotatory displacement which causes it to roU 
and oscillate about its original position. It has been already 
stated that when the centre of buoyancy is above the centre 
of gravity of the ship, it will always return to its original posi- 
tion of equilibrium, and the vessel is stable; but when the 
centre of gravity of the ship is above the centre of buoyancy 
the vessel is very likely to overturn if displaced, and hence 
arises the danger of overloading with deck cargoes, which 
raise the centre of gravity of the vessel higher and higher, 
and also the advantage of ballast in lowering the centre of 
gravity of the vessel. As when a body floats in equilibrium 
the centre of gravity of the body and the centre of buoy- 
ancy lie in the same vertical Ime, if the body receives a 
slight displacement, the centre of buoyancy assumes a new 
position, on which the stability of equilibrium mainly depends. 
When a vertical line is drawn through this new position of the 
centre of buoyancy, the point where it intersects the line 
drawn through the two centres of gravity when in a vertical 
osition, is called the metacentre of the body, and its position 
epends on the shape of the body and on its centre of gravity. 
If the centre of gravity of the body be below that of buoy- 
ancy, the metacentre will be above the centre of gravity. 
Consequently the equilhrium of a floating body is stable or 
unstable, according as the metacentre is above or below the 
centre of gravity of the body ; and the metacentre may be 
defined as the point in which the vertical through the centre 
of buoyancy of a floating body which has undergone a slight 
displacement intersects the line drawn through the 

centre of buoyancy in the original position of equiHbrium. 
If a body wholly immersed in a fluid, no change in the 
position of the body will alter the relative positions of the 
centres of gravity and buoyancy, but to obtain stabihty the 
centre of gravity must be below the centre of buoyancy. If 
the positions be reversed, the slightest oscillation wOl cause 
the body to overturn. The various effects of suspension, 
immersion, and flotation, can be reproduced by means of the 
well-known toy, the Cartesian diver (fig. 10, Plate VL), 
which consists of a glass tube or cylinder nearly filled with 
water, and closed at the bottom by a cover of sheet india- 
rubber tied securely over the end; this rubber covering can 
be pressed upwards by the hand on raising the lever o e. In 
the liquid is placed a little porcelain figure, to the head of 
which is attached a hollow glass ball m, which contains air 


and water, and has sufiicient buoyancy to float the figure on 
the surface. In the lower part of this ball a fine hole is 
pierced, by which water can enter or escape according as the 
air in the interior is more or less compressed. The quantity 
of water in the glass ball is such that a very slight addition 
will cause the figure to sink. On raising the lever and press- 
ing the rubber diaphragm, the air in the cylinder is compressed, 
and this pressure is transmitted to the water of the vessel and 
the air in the bulb. The consequence is that a small quan- 
tity of water penetrates into the bulb, which therefore becomes 
heavier and the figure sinks. When the pressure is relieved 
the air in the bulb expands, expels the excess of water wMch 
had entered, and the figure, being now lighter, rises once more 
to the surface. It is by a similar process that fish either rise 
or sink in water. Most fishes are furnished with an air 
bladder below the spine, termed the swimming bladder. The 
fish can compress or expand this at pleasure by means of a 
muscular effort, producing similar effects. As the human 
body is lighter, bulk for bulk, than an equal volume of water, 
it consequently floats on the surface, and more readily in sea 
water, which is denser, than fresh water. In man the head is 
heavier than the lower parts of the body, and consequently 
tends to sink. The difficulty of keeping the head above water 
so as to breathe freely constitutes the chief art in swimming. 
With quadrupeds, on the contrary, the head, being lighter 
than the other parts of the body, remains above water natu- 
rally, and they therefore swim intuitively. 


LOGIC.--CHAPTEE IV. 

THE INTBEPKETATION OF PEOPOSITIONS, OATEGOEIOAB AND CON- 
DITIONAL, HYPOTHETICAL, DISJUNCTIVE, DILEMMATIO, ETO. 

Eveey proposition is a sentence, but every sentence is not a 
proposition. A proposition is the form of expression which 
an act of judgment takes when it is expressed in grammatical 
language with the intent of its being recognized and admitted 
as a logical statement. A sentence may be rhetorical rather 
than logical ; it may be set rather before the emotions than 
the reason. It may, in fact, propose nothing to the judgment 
that it can or should accept. The statement it embodies may 
have no illative intent. It is not intended to be reasoned 
upon or from. The merely narrative statement that “Police- 
man B 369 was on his beat” is a proposition, in so far as it 
sets forth an actual fact; but it only becomes a logical proposi- 
tion when it is, or is to be made, an element in a process of 
reasoning. An enunciative stSatement may, of course, be 
true or false, and may therefore be either affirmative or nega- 
tive, and universal or particular (in different degrees) ; but 
if it is merely an enunciation, and not an enunciation to be 
reasoned on or from, logic has little or no interest in it. 
Logic takes under its charge only reasoned thought, and ma- 
nipulates those propositions only which supply or are the 
materials of discursive thought, of thought progressing 
from experience to principle — from the seen to the scientific. 
That it may be made an object of intellectual acceptance, a 
statement must not only be set forth as a proposition, but as 
one that can receive substantiation, and consequently can be 
trusted in and accepted as truth. A logical proposition is 
not put before the perception only, but the understanding as 
well. Logic demands that each proposition should appear — 
or may be made legitimately to appear—in the form in which 
its full force may be most clearly and determinately under- 
stood. Hence the logician claims that each proposition in 
itself shaU express, or that it may be made (as a preliminary 
to its being employed in reasoning) to state explicitly, all that 
is contained implicitly in its (intended) compass~that,in short, 
it shall exhibit with unmistakable clearness the precise form 
and matter of thought. 

We know that language is only an instrument of thought. 
It abounds in abbreviations and ellipses, and it incorporates 
often emotional influences and references which are incidental 
or accidental. It is not quite easy to secure that it shall be 
an entire translucency, only conveying the exact matter of 
thought in the best manner. For common use, language is 
explicit enough if it makes a man’s meaning intelligible ; and 
therefore much elision may be allowed in it, ^ it serves to 
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facllitat© the communication of thought. When, however, 
we require to deal scientificaily with language as the repre- 
sentative of thought, it becomes imperative to clear it of 
everything winch can by any possibility impede the distinct 
perception of the exact significancy of every proposition 
placed before the mind.^ If the statement is not definite in 
form and matter, if it is deficient in clearness or inappro- 
priate in expression, logic reconstructs it, in a conscious and 
guarded manner, and makes it into as perfect a statement as 
may be, so that it is fitted for the reasoner’s use. Logical 
precision involves formal exactness; and only when, in a con- 
sistent mental unity, an adequate and complete perception of 
the real intended significance of a proposition is conveyed to 
the understanding is a sentence such that it is logically legiti- 
mate. To secure the unvarnished, untarnished transference 
of thought through words conversion was elaborated, and 
those predeterminate methods of making our words express 
exact equations of our meaning, explained in the previous 
chapter, were arranged and prescribed. 

The necessities of formal science require that we should 
recognize those customary forms of phrase and expression 
which the ordinary habits of speakers and hearers present 
and accept as propositions. These, of course, it requires to 
classify, and from these it Is essential that it eliminate 
all that is specially predicative, in whatever form it may be 
presented. Before a logician can accept, reject, or classify 
propositions he must examine them, and see how far and 
under what conditions they are predicative, i,e. presented to 
the judgment for acceptance or rejection by the intellect in 
an act of reasoning. Indicative sentences are mere state- 
ments ; predicative ones are statements made to the under- 
standing for use in reasoning, either as the premises in or 
the conclusion of a syllogism. 

Propositions which are directly and unconditionally predic- 
ative are called “categorical” (Gr. ^6«TJiyo|»£oe, I assert or affirm 
positively), and these are, in the main, the form of those pro- 
positions with which logic, properly speaking, deals. In such 
sentences, one thing is affirmed or denied of another. These 
are enunciatory or declarative; they place before the mind the 
statement of the judgment regarding the agreement or dis- 
agreement of two concepts or terms with one another. Often, 
however, sentences do not appear in this simple and readily 
analyzable form. They may be brought before us in an 
interrogative style, which is intended to give them a more 
strongly affirmative force. For instance, the sentence *‘Is 
not man mortal 1 why talks he of the future ? ” emphatically 
affirms that “man is mortal,” and implies that “he who is 
mortal cannot (or ought not to) lay confident plans for the 
future.” Logic analyzes such sentences, brings out explicitly 
the implicitly twofold natureof theassertions contained in them, 
and places them clearly, in some distinctly defined sense, among 
the considerations presented to it for inquiry or thought. By 
the use of an imperative form of sentence we may very con- 
cisely make a statement. In the example “You have sinned; 
repent!” we iiave a series of propositions forming in reality 
an implied syllogism to this effect “ All who have sinned 
ought to repent ; have dnned, therefore you should repent,^^ 
Similarly, there is an optative form sometimes given to a 
sentence wliich is Intended to emphasize an assertion. If an 
orator exclaims, “ May the patriots spirit descend upon us all!” 
he probably means to impress the hearer’s mind with the 
idea that “the spirit of patriotism ought to glow within 
each human breast.” An exclamation often acts as an inten- 
sitive to a sentence, as in Cassius’ phrase, “ Ye gods, must I 
endure all this I” which may be taken as equivalent to the 
proposition, “This experience is too much for human endur- 
ance.” Thus, or in some such more or less indirect forms, 
sentences presented in the rhetorical style may be reduced to 
a somewhat equivalent logical expression. Then, and then 
only, so far as logic has yet proceeded in its analysis of 
reasomng, have propositions of this sort any proper place in the 
scientific consideration of thought as thought. 

Language expresses thought as it u — sometimes jarefuUy 
and completely, sometimes rash and discoloured by passion; 
but logic requires thought (or the expression of thought) to 
be arranged as it (mght to be, as parts of a reasoning process. 
It examines and fixes upon the forms, types, or models of 


propositions which are most free from confusion, most distinct 
and exact, and it supplies instructions for the proper adjust- 
ment of words and meaning in such propositions as are in- 
tended to be reasoned on. Logic demands, therefore, that 
the expression of a thought shall be identical with the thought 
itself in extent and conffition, in fulness and faithfulness^ of 
implication and suggestion; that there shall be no conffiction 
of reality and expression, or of expression with expression, i.e. 
that every statement brought before the mind must be self- 
consistent, and that the expression shall be both efficient and 
sufficient in the impression it produces on the mind. Thus 
logic criticises language as the expression of thought, and 
challenges in language any faulty expression either in den ota 
tion or connotation. It insists on being provided with reason 
able materials for the purf>oses of reasoning. In this way, 
there comes to be a necessity for the interpretation of pro- 
positions, so as to bring their grammatical or rhetorical forms 
into logical ones — such as shall be precise equivalents of what is 
meant. One may be told “ Birds sing,” and he may he unable 
to affirm or deny that. If he say “Yes,” then his friends 
may inform him that the Hon. Baines Barrington states that 
“the greater number of birds do not sing at all;” if he say 
“ No,” they may ask him if he never heard the “ music of 
the woods,” The proposition is not in a fit condition to be 
reasoned on or with. It is an indefinite one. It is not true 
that “ all birds sing.” It is true that “ some birds sing.” 
But unless we can define the some specifically we shall not be 
able to reason safely on such a proposition. Some proposi- 
tions, again, are trivial in themselves and not capable of being 
rationaUy used, as if one should say “ A circle is a circle;” 
yet others having a similar form are really, by their form, 
made more emphatic— e.y. “Home is home.” Some are 
; merely declaratory or explanatory, as “This is an orange,” 
“ To pardon is to forgive.” When Brabantio says, “ Words 
are words,” he means that “the comfort that is given in 
words is as fleeting and powerless as the air out of which they 
are fashioned.” Even these, however, by peculiarity of pro- 
nunciation, may be made emphatic ana bear a meaning of an 
illative cliaracter. If, for instance, one were to say, “ Oranges 
are not worth buying unless they are really good,” and a shop- 
keeper were to reply, “ These are oranges,” he would most 
protoly mean, and be understood to mean, “These are 
really good oranges,” and to imply that they are “worth 
buying.” Similarly, a person might say, “ I will not pumsn 
but pardon you — only I want to have notMng more to do with 
you;” and another might plead in his favour, by saying, “ Oh, 
but to pardon is to forpive” — ^not merely to relieve from a 
due punishment, but to restore to former place and favour. 
Again, when Shakspeare says, 

“ Love is not love 

Which alters when it alteration finds,” 

he uses a phrase which logically means, “ That love which 
alters in one person when it finds alteration in another person 
is not true love.” Hamlet’s exclamatory sentence, “ Oh what 
a rogue and peasant slave am 1 1” stands, in rhetoric, as the 
equivalent of the logical statement, “ l am, indeed, only in 
present spirit a rogue and a peasant slave.” The interrogative 
phrase, “What stronger breastplate than a heart untainted?” 
means, “There is no breastplate stronger than a heart un- 
tainted.” 

When propositions are thus made excessive of distinct 
statements with clearly understood significations, they are 
suitable for logical use — for being made part of and taking 
their place in the structure of a syllogism. Logicians, it is 
true, have hitherto, in their treatises, given little help towards 
the reduction of such grammatical or rhetorical sentences 
into the forms of logical propositions. Indeed, it is scarcely 
possible to produce mles that will guide mechanically to the 
accomplishment of such a process. The use of language to 
express thought is complicated by its use to indicate feeling 
and all the subtler degrees of emotion, of which logic regards 
itself as free to take no real cognizance. In the last verse, 
for instance, of “ The Deathbed,” by Thomas Hood, a fine 
illustration occurs of the beauty and tenderness that can be 
Incorporated in an indicative sentence, and of the exquisite 
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refinement of feeling, of which logic takes for its purposes 
no special notice. 

“ For when the morn came dim and sad, 

And chill with early showers, 

Her qniet eyelids closed — she had 
Another morn than ours.'' 

The logical statement — apart from its deep pathos, its touch- 
ing faith, its plaintive patience — is simply, “she is dead,” 
and that is the categorical equivalent or the logical signifi- 
cancy of the phrase. 

Every sentence employed in reasoning must either be indi- 
cative or be convertible into, and able to be understood as, 
a logical proposition. Each must also either be actually 
quantified or capable of being readily quantified in thought. 
The sentence, for instance, “ There can be but few who deny 
the doctrines of political economy,” is probably intended^ to 
mean, “ Almost everybody accepts the doctrines of political 
economy,” and is therefore a particular affirmative [I], “Does 
anyone ^re despise the law 1” would bear the signification 
logically, “No one dares to despise the law” [Ej or “All 
(who are referred to in the proposition) are law-abiding” 
[A]. In the one case it is a universal ne^tive, and in the 
other it is converted into a universal negative. 

Ail the propositions to which the student^s attention has 
been as yet directed, are or may be [made] categorical. 
Logicians, however, find themselves under the necessity of 
acknowledging and dealing with some propositions which do 
not make affirmations or negations simply stated and uncon- 
ditional. An element of uncertainty enters into many ex- 
periences, and that must be allowed for. Some relations of 
things are quite certain if the preliminary conditions are 
secured, and of some we know that if one element prevails, a 
certain (foreseen) result will follow, but that if a different 
element prevails, a different but equally foreseen result will 
occur. This distinction in the nature of experiences has led 
logicians to adopt a subdivision of propositions designated 
conditional^ and this is again subdivided into propositions that 
are (1) hypothetical^ (2) disjunctive^ or (3) dilemmatic. 

Conditional propositions are, of course, those in which the 
statement of the relation between the subject and the pre- 
dicate is not set forth as a simple and direct one, but as 
dependent on something else for its precise determination j 
e.g. “ If Horace Walpole is right, Richard III, was not a 
monster.” This condition of determinative affirmation 
may be, as regards this special relation, inherent (1) in the 
subject, (2) in the predicate, or (3) in both. In the first case, 
the things thought of are stated to hold such a relation to one 
another that the former can only be thought of when we 
think of the other — ^they hold to each other the relation of 
antecedence and consequence; e.a. “ If this severe weather 
lasts, many people must he ill off,” i.e. “This severe weather 
— if it continues — must he followed by much suffering.” We 
see at once that the condition attaches to the antecedent, 
and that only on the supposition stated being fulfilled, the 
consequent is necessarily to he looked for. In the second 
kind of proposition, the relation of the subject is not in 
reality distinctly asserted in regard to one single predicate, 
but to a special plurality of attributes which, though not 
all capable of being predicated of it conjointly, must, as to 
some one or other of them, be considered as attached to the 
subject; e.g. “The universe is either (1) eternal in itself, 
(2) the result of chance, or (3) the product of an intelligent 
creator.” The third class of propositions now under con- 
sideration have conditions attached to both subject and pre- 
dicate; e.g. “ If our actions are right, they must conform 
either to the laws of nature or the laws of the state. 

It will be seen, by reflecting on these and similar proposi- 
tions, that it is only in so far as they are really categorical 
(i.e.y regarded as distinctly and distinctively affirmative) that 
they are appreciable by logic. “ G^sar is a man,” “ Csesar is 
mortal,” are both categorical propositions ; but “ If Caesar is 
a man he is mortal” is conditional It is plain that this; 
sentence supests that the true coincidence of “Caesar” and 
“mortality” depends on the truth — however it is to be dis- 
-covered — of Caesar’s being “a man.” “ If Caesar is a man he 
is mortal;” “If Caesar is not a man he is not mortal” 



Either “Caesar is a man and mortal,” or “Caesar is not a mas 
and not mortal” If Cmsar is the one he is also the other, 
and vice versa. It might, perhaps, appear more distinctly 
categorical if it were put thus “ That Caesar is mortal is a 
legitimate inference from the fact that he is a man;” “The 
fact being that Caesar is a man, it is also the fact that he is 
mortal.” Thus the statement is brought into such a form as 
gives it that unity of thought (as regards the relation of 
subject and predicate) which constitutes a logical proposition. 
We can regard the one as distinctly predicated of the other. 
As it is of great importance to habituate the mind to the per- 
ception of the real signification of propositions before bring- 
ing them together in their syllogistic relations, we sliall notice 
a few examples of other forms of expression wliicii require 
reduction to proper propositional equivalence in order that 
their exact signification, as it is to be dealt with in reasoning, 
may be known. “ Virtue alone is true nobility ” (Juvenal, 
viii., 20) may mean “Virtue is the only true nobility,” or 
“Nothing else than virtue is noble.” In the famous phrase 
of Pilate, “What I have written, I have written,” we have 
a sentence which may signify, “What I have written is correct 
— ^as it is my wont to write,” “By what I have written I 
abide,” “ What I have written shall stand unaltered.” The 
Stoical egotistic phrase, “Except the wise, all men are fools,” 
was really meant to signify “ All men are fools, except the 
Stoics (who alone are the wise).” “ The greatest of all losses is 
the loss of character,” indicates (1) that the loss of character 
is a great one, and also (2) that the loss of the moral purity 
which causes the loss of character is the greatest loss that 
can befall a man. If we take the statement, “ Either vice is 
hateful or religion is false,” we liave two alternatives, of which 
as yet nothing has appeared to demand from us the asser- 
tion of one as excluded from, inconsistent with, or in logical 
contradiction to the other. Vice may be hateful; religion may 
be false. To many vice is not hateful ; some religions must 
be false. But this proposition asks us to assent to one or 
other of the following statements : — (1) Vice is hateful, and 
religion is not false. (2) It would be an argument against the 
truth of religion if vice were found fco be otherwise than 
hateful Moral philosophy must teach us whether all vice 
is hateful, and What makes it so; while theology must inform 
us on what grounds religion may be known to be false, and 
enable us to quantify our assertion into such forms as 
these: — “All vice is hateful,” “No vice is hateful,” “Some 
vice is hateful,” “Some vice is not hateful;” and “Ali religion 
is false,” “No religion is false,” “Some religion is false,” 
“ Some religion is not false,” as the case may be. Meanwhile 
the sentence as it stands seems to bear the interpreuttion, 
“ It is a fact tloat vice is liateful, and religion shows it should 
be so;” and “ Were it not a fact that vice is hateful religion 
would have taught us falsely.” 

EXEKOISES, 

1. In the following lines from “ The Golden City,” by 
Frederick Tennyson, which one is logically equivalent to 
“To-moiTow they were aU safe from the peril of their 
position!” 

“ All day they rocked upon the stormy deep, 

Till night beset them : and they could not tell 
The signal lights — and they began to weep ; 

And the dark waters smote them and they fell 
But oh 1 they woke in wonder! ” 

2. What is the logical significance of this sentence! 

There is sureiy a piece of divinity in us — something that wasr 
before the elements, and owes no homage to the sun.” 

3. How might we rhetorically express these statements! 

Man is certainly an immortal being. 

He is not wholly of the earth, earthy. 

4. What is the difference in meaning between the ex- 
pressions which follow ! 

Nature has implanted in the inmost heart, an instinctive abhor- 
rence of sin. 

“ 0 surer than suspicion’s hundred eyes 
, Is that fine sens^, which to the pure in heart 

Reveals the approach of evil” ' 
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6. Determine the character of the following propositions : — 

Man is reasonable. All Frenchmen are Europeans. Impure iron 
is brittle. A miser never refuses money. Socrates was wise, but not 
learned. Cromwell was either republican or rebel Washington was 
neither knave nor fool. No man can serve two masters. A part is 
less than the whole. Every man is guilty of many faults. 


CHEMISTRY.—CHAPTER VI. 

OHEMISTKY OF ELEMENT AllY BOOiSS — OXYGEN — HYDEOGEN 
— NITEOGBN — COMPOSITION OF THE ATMOSPHEE-E — COM- 
POUNDS OF NITROGEN AND OXYGEN — COMPOUNDS OF NITEO- 
■ ■ gen and HYDEOGEN — AMMONIA. 

Oxygen (symbol, 0; atomic weight, 15-96 ; density, 15*96.).— 
Oxygen was discovered in 1774 by Priestley in England, 
and about a year later by Scheele in Sweden, and described 
as dephlogkticated air. The name oxygen was given to it 
by Lavoisier (from oxus^ acid; and geuTiao. I give rise to). It 
is a colourless invisible gas, possessing neither taste nor smell. 


Fig. 1. 



It exists in a free state in the atmosphere, of which it con- 
stitutes about one-fifth by volume. It forms nearly one-half 
the weight of the earth’s crust, and eight-ninths by weight of 
water. Oxygen gas can be obtained from the air, but it is 
more readily prepared from many compounds which contain 
it in large quantities. Oxygen may be readily obtained 
by heating potassium chlorate (chlorate of potash), KClOa, 
which yields 39*2 per cent, of its weight of this gas. In 
order to collect the oxygen the chlorate of potash, pow- 


dered, is placed in a small, thin glass fiask, or a retort, which 
is a glass vessel ending in a long tubular neck. The lower 
end of this tube dips under the surface of water ig a pneu- 
matic trough, and the gas, as evolved from the end of the 
tube when the flask is heated, is collected in a jar or bottle 
filled with water, and placed with its mouth downwards over 
the tube, as shown in fig. I. It is, of course, necessary that 
the mouth of the jar should be under the surface of the 
water in the trough, that the water in it may be supported 
by atmospheric pressure. After it has been nearly filled 
with gas it may be removed from the trough by slipping 
under it a saucer or tray, as shown in cut, which wiD hold 
sufficient water to keep tlie mouth closed. 

All the elements, with, the single exception of fluorine, com- 
bine with oxygen to form oxddes. In this act of combination, 
which is called oxidatim, heat is always evolved, and fre- 
quently light also is emitted, as in the process of earn- 
hustion. All bodies which burn 
in air burn with increased bril- 
liancy in oxygen gas. Thus, 
if a lighted taper attached to a 
bent wire be blown out, and 
while the wick remains red hot, 
dipped into a jar of oxygen, as 
in fig. 2, it instantly rekinffies 
with a slight explosion, and 
burns with greatly increased 
brilliancy. A spark in charcoal 
may be fanned into a blaze by 
a stream of oxygen (fig. 3). A 
small piece of phosphorus, when 
inflamed, burns in oxygen with 
a most intense light, as shown 
in fig. 4, in which the phos- 
phorus is introduced in a spoon 
into a jar of oxygen. Even j 
iron or steel wire may be burned ! 
in this gas. A coil of fine wire 
(fig. 5) has attached to its end a piece of wick dipped in 
melted sulphur. TMs is lighted and the whole introduced 
into the oxygen. The wire is kindled by the sulphur and 
burns with an intense white light, and with brilliant scintil- 
lations, the globules of fused oxide of iron which fall being 
at so high a temperature as to fuse themselves into the glass. 

Ordinary combustion consists in the union of oxygen with 
other bodies, and is the great source of artificial light and 
heat. When a body combines with oxygen it is said to be 
burfied, but it does not, of course, cease to exist. A new 



Fig. ^ 


Fig. 5. 



substance is^ formed, which may be either solid, liquid, or 

on) is 


When iron is burned, a solid (oxide of iron) is 
produced, exactly equalling the weight of iron and oxygen 
which have disappeared in the operation. By suitable 
means both may be recovered from the product. 

To produce an intense heat means are contrived to force 
large quantities of air (one-fifth of which is oxygen) through 


the furnace or flame employed, as in the case of .the bIow]upe 
and the blast furnace. In the processes of nature oxygen is 
set free by the action of the solar rays upon the carbonic 
acid gas (carbonic dioxide) contained in the air ; this is car- 
ried out through the intervention of the green colouring matter 
of plants, trees, and vegetables. Sunlight has the power, in 
presence of this green colouring matter, of decomposing car- 
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bonic acid; the carbon is absorbed by the plant for its 
grovrtih, whilst the oxygen is set free, and is used for the 
support of animal life in the process of respiration. In the 
act of inspiration animals breathe in the oxygen of the air ; 
in the act of expiration the carbonic acid gas is expelled. 
It is the oxidation of the constituents of the body by^ the 
act of breathing that maintains the temperature of the animal 
system; in fact the blood contains substances which slowly 
burn by the aid of oxygen thus introduced into the sys- 
tem. When this chemical process stops the animal dies. 
Carbonic acid, nitrogen, and some other gases cause death 
wW inhaled, as they do not contain any free oxygen, and 
the process of oxidation in the body ceases. 

Oxygen is, bulk for bulk, slightly heavier than atmospheric 
air, its specific gravity being 110563, air being unity. 
Oxygen gas was liquefied by Pictet in 1877 by a pressure 
of about 300 atmospheres, and at a temperature of — 140° C. 
Tins extreme pressure (4600 lbs. per square inch) has since 
been shown to be unnecessary. A pressure of sixty atmo- 
spheres (900 lbs. per inch) is sufficient, if combined with a 
temperature of — 150° 0. (produced by the evaporation of 
liquid ethylene). At this temperature and pressure nitrogen 
can also he liquified, and as atmospheric air is a mechanical 
mixture of one volume of oxygen with four of nitrogen it is 
also liquefied in the same way. The specific gravity of 
liquid oxygen is the same as water. Oxygen can be respired, 
and supports life four or five times longer than an equal 
quantity of air. l^evertheless an animal which breathes pure 
oxygen for any length of time suffers from great excitement, 
followed by debility and death. Phosphorus and many 
metallic compounds absorb oxygen from the air at ordinary 
temperatures. Iron, zinc, lead, and some other metals are 
unaffected by dry oxygen, but if moisture is present they are 
covered with a layer of oxide: iron rust is so produced. 
Pure oxygen undergoes a remarkable modification when a 
succession of electric sparks is passed through the gas; it 
then attains more active properties, and emits a peculiar 
and somewhat metallic odour, and is able to set free iodine 
(I) from potassium iodide (KI), as well as to effect oxida- 
tions which common oxygen does not possess the power of 
doing. This allotropic modification of oxygen is termed 
ozone. It is oxygen in a condensed state, and is times 
as heavy as oxygen ; that is, 3 volumes of oxygen condense 
to form 2 volumes of ozone. Ozone has been obtained in 
the liquefied state. It exists in the atmosphere, and air 


charged with it exerts an irritating action on the lungs. 
Ozone is decomposed by heat, gradually at 37*7° 0., instantly 
at 143*3° C. It is an extremely powerful oxidizing agent, 
possesses strong bleaching and ffisinfecting powers, and cor- 
rodes cork, caoutchouc, and other organic substances. 

Hydrogen (symbol, H; atomic weight, 1; density, 1).-— 
Hydrogen is a colourless invisible gas, ^steless, and inodorous 
when quite pure. It is the lightest body known, being 
14*47 times lighter than air, and modifies any sound emitted 
in it by giving it a higher pitch than in air, as is shown by 
ringing a bell in a jar filled with hydrogen (fig. 6). It is 
inflammable, and burns, when ignited, with a pale yellowish 


Fig. 7. 



flame, evolving great heat, but very little light. The product 
of the combustion is water. Hydrogen is incapable of sus- 
taining animal life. Water consists of hydrogen in the 
proporfion of one-ninth part of its weight. Hydrogen was 
at one time used for filling air-haUoons, heing made on the 
spot from zinc or iron and dilute sulphuric acid, as shown in 
fig. 7, where a is a flask containing scrap zinc and dilute 


Fig. 8. 



Fig. a 


sulphuric acid, and o a pipe by which the gas is introduced 
into the miniature balloon b, which, in consequence of the 
low specific gravity of this gas, is able, when inflated, to float 
m air as a cork does in water — that is, by displacing a volume 
of air which exceeds its own weight. Coal gas is now em- 
ployed, which, although inferior to hydrogen in buoyant 
power, is found in practice to possess certain advantages, and 
its greater density is compensated by increasing the volume 
of the baUoon. Hydrogen may be obtained by the action of 
red-hot iron on water. A wrought-iron pipe like a gun- | 
barrel, a, fig. 8, filled with iron filings, is heated in a furnace, 
F, and. steam from a flask or boiler, b, is passed over the red- ' 
hot filings through the tube. Hydrogen is driven off, and by 
means of the tube o conducted to a receiver in the pneumatic i 


trough, and oxide of iron is left in the tube. Hydrogen, 
and all the other gases, can be liquefied by the application of 
great cold and great pressure, GaiHelet, and also Pictet, 
have liquefied the gas at a temperature below - 200° G. In 
the solid state it appears as a jet of steel-blue coloured 
particles, mdieating its probable metallic nature. 

The oxides of hydrogen are water or hydrogen monoande 
(symbol HaO ; combining weight, 17*96 ; density, 8*98) and 
hydrogen dioxide (symbol, H 2 O 2 ; combining weight, 33*92). 
Water is readily decomposed into the two elementary gases, 
oxygen and hydrogen, by the passage of a voltaic current 
through it, and it can be easily shown that water is the pro- 
duct of the combustion of hydrogen. Let the flask, shown in 
fig. 9, contain fragments of zinc or iron. A mixture of water 
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Fig. 10. 


and sulphuric acid is introduced through the vertical tube, 
the lower end of which must be covered by the liquid. 
Bubbles of hydrogen are given and after sufficient time 
has elapsed to permit all the air to be driven from the flask 
(otherwise an explosion might ensue) the stream of gas can 
be ignited as it issues from the bent tube. If the flame be 
now introduced into a large covered glass jar, the interior 
will be speedily covered with condensed water, and this 
condensation will continue so long as the jar is kept sufficiently 
cool. This condensation may also be seen by holding a cold 
metal plate over a gas flame, as illuminating gas consists 
mainly of hydrogen. 

If an electric spark be passed through a mixture of two 
volumes of hydrogen witli one of oxygen, the gases unite 
with explosive violence. In spite of 
the momentary expansion of the 
gases, due to the great heat evolved 
in combining, it is found that the 
product — water, vapour, or steam — 
only amounts to two volumes in place 
of three. These explosions may be 
so combined as to produce a musical 
note. The singing-flame ” (fig. 10) 
is a small jet of lighted hydrogen, 
over which a glass tube, half an inch 
or more in diameter, and one or two 
feet long, is held. If this funnel be 
properly managed a succession of 
small explosions will result in a clear 
musical note. 

A mixture of oxygen and hydrogen 
may be preserved for any length of 
time without undergoing change. 
But combination is instantly brought 
about by flame, by the electric 
spark, or even by introducing a red- 
hot glass rod. If the mixed gases 
be heated in a vessel containing pul- 
verized glass, or any sharp powder, 

. they begin to unite in a gradual 
manner without explosion. The 
• presence of metals disposes them to 
unite at a still lower temperature, 
and newly prepared spongy platinum has so powerful an 
effect that it quickly becomes red hot, and then inflames or 
explodes the mixture — a property which has been utilized in 
the Iiydrogei) fire apparatus to inflame a jet of the gas 
directed on a piece of spongy platinum (fig. 11). Water 
exists in nature in three forms. 
At all temperatimes between 0° 
and 100° C. it takes the liquid 
form ; above 100° G. it assumes 
the gaseous form at ordinary 
atmospheric pressure. The melt- 
ing point of ice is always a constant 
temperature, the 0° C. In passing 
from the solid to the liquid state 
water becomes reduced in volume, 
and on freering, a sudden expan- 
sion of volume, from 1 to 1*09, 
^ takes place, wMch exerts an al- 
W most irresistible force. In this 
passage from the solid ice to liquid 
water not only is there the alter- 
ation in volume, hut also a re- 
markable absorption or disappear- 
ance of heat occurs (see HATUBAii 
Philosophy). In the passing from 
the liquid to the gaseous state 
water also exhibits several import- 
ant phenomena, and in this passage from the liquid to the 
gaseous ■ state a large amount of heat also becomes latent.' 
Pure water and ice, when seen in large masses, possess a 
blue colour. To obtain pure water, river or spring water is 
distilled; that is, the water is boiled, and the steam evolved 
condensed to collect the distilled water. Ordinary water 
contains more or less solid matter in solution, derived from the 
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surface of the earth over which the water flows ; tills dis- 
solved solid matter is left behind on boiling ofi' the water 
into steam. Rain water is the purest form of water occur- 
ring in nature, hut contains impurities, from the dust, &c., 
in the air. All fresh water on the earth’s surface lias been 
derived by a vast process of evaporation from the ocean, 
having been deposited in the form of rain or snow from the 
atmosphere. All the rain-water eventually passes into the 
ocean by springs and rivers, carrying with it the soluble 
constituents dissolved out of the earth’s strata through 
which it has percolated. This continual accession of soluble 
salts, and removal of pure water by evaporation, main- 
tains the saline property of sea -water, which contains 
about thirty-five parts of solid matter, twenty -eight of 
which are common salt (FaCl), in solution in 1000 parts 
of water. The presence of oxygen derived from the air 
dissolved in the water of lakes, rivers, and seas, enables fish 
to maintain their respiration; as the water passes through 
their gills the oxygen is absorbed to purify their blood. The 
solvent properties of water far exceed those of any other 
liquid known. Water dissolves very unequal quantities of 
the different gases, and very unequal quantities of the same 
gas at different temperatures. Thus — 

ONE VOLUME OP WATEB UNDER ORDINARY ATMOSPHERIC 
PRESSURE (760 MM.) DISSOLVES, 


Hydrogen dioxide (H 2 O 2 ) contains twice as much oxygen 
as water. It does not occur in nature, but may be artificially 
prepared by passing carbonic acid gas through barium 
dioxide suspended in water, when barium carbonate separ- 
ates out as a white powder insoluble in water, and hydrogen 
dioxide remains in solution. In consequence of the readi- 
ness with which it gives off oxygen, hydrogen dioxide acts as a 
powerful bieaching agent, rapidly oxidizing and destroying 
vegetable colouring matter. 

Nitrogen (symbol, N ; atomic weight, 14*01 ; density, 
14*01). — Nitrogen exists in the free state in the atmosphere, 
of which it constitutes four-fifths by bulk. It occurs com- 
bined in the bodies of plants and animals, and in various 
chemical compounds, such as nitre. It may be obtained in 
several ways — one of the 
simplest being to burn Fig. 12 . 

out the oxygen from a 
confined portion of air by 
phosphorus, which should 
be laid in a cup, d (fig. 

12), floating in water, 
and after it is ignited the 
bell-glass, should he 
inverted over it. White 
fumes of a compound of 
phosphorus and oxygen, 
termed phosphorous 
pentoxide, at first fill the 
vessel, but these are 
shortly dissolved in the water, leaving the nitrogen in a 
nearly pure state. Nitrogen may also be prepared by passing 
air over red-hot metallic copper, as in the apparatus shown in 
fig. 13, where a is a large flask, from which the air is expelled 
by pouring in water through the tube t. The air is dried in 
the flask b by passing over fragments of pumice impregnated 
with sulphuric acid. The tube 0 contains the metallic copper 
(reduced from the black oxide of copper by hydrogen), kept 
red-hot by the furnace d, wMch combines with the oxygen, 
I forming solid copper oxide, and leaving the gaseous nitrogen 
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in a pure state. E Is a tube leading to the receiver f in 
the pneuniatic trough. Nitrogen is a colourless, taste- 
less, inodorous gas, slightly lighter than air. Its specific 
gravity is 0*972, air being 1 * 0 . At a very low tempera- 
ture and under a high pressure nitrogen condenses into a 
colourless liquid. Nitrogen does not readily combine with 


Pig. 13. 



other substances — neither supporting combustion nor animal 
life, nor burning itself. When made to combine with hydro- 
gen it forms ammonia (NHg), and when united with both 
oxygen and hydrogen it forms a strong acid, nitric acid 
(H2ON2O5). 

The exact composition of atmospheric air (see NatijbaI/ 
Philosophy) lias been very accurately determined. Besides 
nitrogen and oxygen, the air contains traces of carbon dioxide, 
and a very variable proportion of aqueous vapour, a trace of 
ammonia, and a little carburetted hydrogen. The oxygen 
and nitrogen are in a state of mixture, not of combination, 
and their ratio is always uniform, the diffusive energy of the 
gases being sufficient to maintain this perfect uniformity of 
mixture. The carbon dioxide, being influenced by local 
causes, varies considerably. 

COMPOSITION OF THE ATMOSPHERE. 

Nitrogen, by weight 77 parts, by measure 79T9 
Oxygen, “ 23 “ “ 20*81 


100 


100*00 


Carbon dioxide, from 3*7 measures to 6*2 measures in 
10*000 measures of air. Aqueous vapour variable, depend- 
ing greatly upon temperature. Ammonia, a trace — 
about 1 part in 1,000,000 of air. Although this 
amount is excessively small, it nevertheless plays a 
very important part, as it is mainly from the presence 
of this ammonia that vegetables obtain the nitrogen 
they require to form their seeds and fruit Plants 
do not appear to have the power of assimilating the 
free nitrogen of the atmosphere. The amount ' of 
volatile organic matter suspended in the air greatly 
influences the healthiness of the special situation. A 
crowded room is full of organic putrescent substances, 
and the unhealthiness of marshes and other districts 
doubtless arises from the presence of some organic 
impurity. Ozcme is always present in fresh air. 

There are five distinct compounds of nitrogen and 
oxygen. 

By Weight. By Volume. 

Nitr. Oxy. Nitr. Oxy, 

Nitrogen monoxide, N 2 O, . , 28 16 . 

Nitrogen dioxide, N 2 O 2 or NO, 28 32 . 

Nitrogen trioxide, NgOs, . , 28 48 . 

Nitrogen tetroxide, N 2 O 4 or N Og, 28 64 . 

Nitrogen pentoxide, NgOe, . , 28 80 . 

The oxygen contained in these compounds is therefore in 
the proportion of the numbers 1 , 2 , 3 , 4 , 5 , to one and the 
same quantity of nitrogen. The law of chemical comlina'* 


tion in multiple proportion is here clearly exemplified, and 
no compounds exist conUining intemiediate quantities of 
oxygen. This law has already been explained on the principle 
of the atomic theory. In these compounds of nitrogen and 
oxygen the lowest consists of two atoms of nitrogen with 
one atom of oxygen. The next compound that can be 
formed must therefore be produced by the addition of 
another atom of oxygen, which Is NuOa, or nitrogen 
dioxide. The next will be by the addition of another 
atom of oxygen, and so on. Thus, as an atom is 
indivisible, no intermediate compound can be formed. 
The law of multiple proportions is based upon experi- 
mental results, and therefore stands unchangeable 
in the science of chemistry. The atomic theory, 
which is now used to explain this law, may perhaps 
hereafter give place to some other theory more per- 
fectly suited to the explanations of new facts wiiich 
chemical research reveals from day to day. There are 
already certain notable exceptions to this law, which 
occur in the case of phosphorus and arsenic, whose 
vapours possess a density twice as great as tliat re- 
quired to be in accordance with the above law, and 
^ the same with zinc and mercury, whose density is only 
I half their atomic weight. 

Nitrogen monoadde or nitrous oaMe (NgO; atomic 
weight, 43*98; density, 21*99) is obtained by heating 
ammonium nitrate in a flask, and collecting the gas 
over warm water. Nitrous oxide is a colourless and inodor- 
ous gas; when inhaled it produces a peculiar intoxicating 
and anaesthetic effect, and from this cause has been termed 
laughing gas. If quite pure, or mixed with atmospheric 
air, it may be breathed for a short time without danger. 
The effect is very transient, and is not followed by depres- 
sion. The gas is frequently used as an anaesthetic in dental 
surgery. 

Ammonia (NHg; atomic weight, 17*01; density, 8’5).-~ 
Nitrogen and hydrogen form, only this single compound 
ammonia. It is chiefly obtained from the decomposition of 
animal or vegetable matter containing nitrogen and hydrogen, 
and is quickly formed under the influence of temperature; 
thus when horns, or clippings of hides, or coal are heated, 
ammonia is evolved; from this reason it is sometimes 
called spirits of hartshorn. Gruano, the dried excrement 
of sea-birds, and the urine of animals contain large quantities 
of ammonia. Ammonia is now chiefly obtained from the 
amraoniacal liquors of the gas-works. Hydrochloric acid is 
added to this liquor, and the solution evaporated, when 
the sal-ammoniac of commerce is obtained. Amnioniacal 
gas is colourless, and possesses a most pungent and peculiar 
smell, well known as that of smelling salts. It is pre- 

Fig- 14. 



pared by mixing sal-ammoniac (ammonium chloride) with 
I an equal weight of slaked lime, and subjecting the mixture to 
1 heat in a glass retort, when ammoniacal gas is given off, and 
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may be x-eceived in a llask filled with mercury, as water 
rapidly dissolves this gas. Tiie apparatus employed is shown 
in fig. 14. It is lighter than air, its specific gravity being 
0*59. Both the gas and the aqueous solution possess a 
strong alkaline reaction, turning red vegetable colours blue. 
It unites with the most powerful acids, forming compounds 
termed the salts of ammonia. Ammonia condenses to a 
colourless liquid at a pressure of seven atmospheres at a 
temperature of 15® C., and freezes at a temperature of 
-75° G. into a transparent solid. The principle of the 
latent heat of vapours has been employed in the case of 
ammonia in Carre’s freezing machine. (See Natural 
Philosophy.) 


SHORTHAND,— CHAPTER III. 

The following exercise on the r and combinations, 
and the miscellaneous combinations, should be carefully 
copied until accuracy and facility have been attained: — 

R AND CH Combinations. 

^ \y /\ -y u /I -1^ 

/A.- -2:^- /( C-- /) 

^ ^ ^ Y Y" 

^ A/ 2^ 

^ Y-./ -~y\ --v.^ 

Miscellaneous Combinations. 

M w J- ^ 

X;- ^ e_ ^ ^ 

^ 1/1 y^. n ^ V- 


LONG VOWELa 


Upward or downward, is, of course, the proper place of the 
first vowel-sign, and the other places are calculated from tiiis 
position. The letter I, for instance, when written upward, 
has the vowel places reckoned from the bottom upward, thus 

; but when, as must frequently iiappen, it is joined to 

another consonant, and written downward, the proper posi- 

"1 ■ 

tions of its vowel are reckoned downward, in this way, . 

We may note now, for the student’s guidance, that vowels 
placed at the beginning of a consonant are called first-place 
vowels; vowels written in the middle, second-place vowels; 
and those at the end, third-place vowels. 

The vowel points, or dots and strokes or dashes, ought to 
be written at a little distance from the consonants. 

The pupil having fixed in his mind the foregoing instruc- 
tions, should now diligently study, and carefully copy, the 
following exercises on the foregoing long vowels: — 

Long Vowels. 

•//--- n r r ^ -r v- 
.) > -i I- -( (- -I I- 

\ \ c ^ c > ). L 

Exercise. — Write each word first in shorthand, then in 
longhand — performing the exercise (1) in perpendicular col- 
umns, and (2) in horizontal lines. 

Baa, pa, ma, tab (a child’s “thank you”), Shah. 

Aid, ^y, eight, Tay, Bey, ache, yea, they, gay, fay. 

Bee, knee, thee, eve, fee, eel, lea, each, she, pea, ease. 

Awl, gnaw, daw, jaw, maw, caw, paw, haw. 

Go, oak, beau, Joe, foe, ope, know, Co. (Company). 

Loo, too, woo, coo, pooh! 

SHORT VOWELS. 

Besides the six long Yowels already explained, there are in 
the English language these corresponding six short vowel- 
sounds, as they are heard in the simple and well-known words 
pat^ pet, pit, knot, nut, foot. These short vowels, as they 
are called, are represented by dots and strokes written in the 
same relative positions or places as the long ones; but they 
are made lighter, so that they may in this way indicate the 
briefer character of their vocal duration. They are ex- 
emplified hereunder, as in the case of the long vowels, written 
alongside of i, and have in these instances the sounds found 
I respectively in the words am, pet, ill, on, up, foot 


There are six simple long vowels in the English language — 
viz., ah, a, ee, au, o, oo, as in alms, ale, eel, awl, ope, food. 
The first three are represented in phonography by a dot, and 
the last three by a short stroke or dash, written at right 
angles to the consonant. They are shown below, annexed in 
writing to the letter t to show the respective places they 
should occupy (1) at the beginning, (2) in the middle, and (3) 
at the end of a consonant. 



All these vowels should be pronounced as simple, single 
sounds, giving to them the name-sounds indicated in the 
examples given above. 


METHOD OF PLACING THE VOWELS. 

^ When a vowel is placed on the left-hand side of a perpen- 
dicular or sloping consonant-sign, it is read before the con- 
sonant; and when put on the right-hand side it is read after 
the wnsonant. A vowel placed above a horizontal letter- 
sign is read before the consonant, and when written below, it 
is read after the consonant 

The vowels are written, as has been said, in three places — 
at the beginning, in the middle, and at the end of the 
consonant. The beginning of the consonant, whether written 



It is somewhat difficult to give these vowel-sounds alone, 
and the pupil will find it convenient, and it will, we think, 
help him, if he sounds them before t; thus, at, et, it, ot, ut, oot 
As a good many learners of phonography have experienced 
great difficulty in catching with precision the true sounds of 
these short vowels, it will be well for the pupil to carefully 
note the proper sounds, and to keep them constantly on his 
tongue-tip as he proceeds to write out the exercises on the 
vowels, after having carefully read the next paragraph on the 
“ method of placing the vowels,” and the “ method of placing 
a vowel between two consonants.” 

We have already referred the vowels to their positions, and 
have said that they are called, according to the positions they 
thus take, vowels of the first place, second place, and third 
place respectively. The first-place vowels axe ah, as in 
father ; d, as in at ; au, as in awl ; d, as in on. The second- 
place vowels are d, as in ape ; o, as in oak ; as in pet ; u, 
as in up. The third-place vowels are ee, as in feet ; oo, as in 
poor i as in is ; oo , as in food, and may be exlnbited 
tabularly thus : — 


1. ah a aw 5 

2. a 0 S ii 

3. ee 00 I oo 
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When a vov/iel eomes between two consonants, however, it 
is possible to write it either (1) after the first, or (2) before 
the second, as L„ take, or take. To secure uniformity, 

the following rules are observed: — 

First-place vowels are written after the first consonant, as 

Q. talk, not talk. 

Second-place vowels are written after the first consonant 
when they are long, as dome, and before the second when 
they are short, as px dumb. 

Third-place vowels, whether long or short, are written 
before the second consonant, as P.. team, not P-, team; 

j teach, not J* teacsh. 

The following exercises should now be written out, paying 
special attention to the method of writing the respective 
vowels in their proper positions, as shown in the foregoing 
rules : — 

^ laA, ^ lade, ^ led, lead, /I lid, 

wrought, <Pl rot, ^ wrote, mt, Pl root, 

P--; tame, \~-f ‘beak, N/^ fall, code, \/^ pool. 

XT V" P P K K 

Back, bag, batch, sham, pang, 
lack, tack, match, map, nap. 

Check, deck, etch, gem, jet, 
fed, bet, web, ledge, red, debt. 

Pip, bib, mill, live, kick, Md, 
jig, nib, fib, lip, chip, fig, big. 

Long, dock, dog, Tom, fog, 
chop, pod, nod, got, lodge. 

Cup, chub, chum, muff, love, 
tuck, dug, gum, mum, touch. 

Push (down, sh), bush, cook, 
look, shook, hook (down, h). 


\ 
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L 
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The double vowels heard in the words ice, owl, due, boy, 
are represented by small angular marks thus, i as in ice; 
ow as in owl; u as in due; oi as in hoy. The 


signs for i (^), ow (y^), are written by themselves for the word 
/, how — I” being above the line, and “ how” on it. When 
either of these diphthongs commences a word, the first place 
is the most convenient, as v) eyes, xj? ounce; in other cases 
they are generally more easily written in the third place, as 
time, (a thou. The pupil should write out the exercise 
given below, placing the words represented by the phono- 
graphic signs after each of the words in their order, properly 
spelled. The lines may be written out (1) in columns, Imving 
the phonograpliic representation followed by the word meant, 
in ordinary longhand; (2) in lines with the words under- 
neath; and (3) in any other arrangement which may strike 
the fancy. 

Diphthongs. 

V V 


\s 


(v (v }v 


<1 ^ r ^ V /’ 4“ ^ 

V “a )a (a Va ■ '~X 
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MUSIC.— CHAPTER III. 

SECTION II. — IMPOETANOE OP SPECIAL BXEECISES POE THE 
VOICE— EXAMPLES, COMMON, TEIPLE, AND OOMPOtTNL COM- 
MON TIME — ILLUSTRATIVE PIECES — QUARTER PULSES— 
TIME RELATION EXEMPLIPIEL. 

We begin the second section of this chapter with a few 
exercises built on the two chords, tonic and dominant, to the 
study of which attention has previously been directed. In a 
letter to one of her royal patrons the celebrated songstress, 
Adelina Patti, is reported to have said — the age of 
fourteen years my voice, from over-exertion, began to tremble, 
and I would have lost it altogether if, as had been propose^ 
I had been sent to Italy. For two whole years Strakosch, 
my tutor, who had married my sister Amelia, forbade me to 
sing a note in public. After that time, when, by judicious 
chord and scale practisings, he had rendered my voice stronger, 
purer, and more flexible than ever, I was allowed to appear 
in the New York Academy of Music, and success was 
assured.” Similar experiences might be related of nearly 
every great artist. The importance of exercises for the 
voice, properly written and painstakingly executed, cannot 
well be over-estimated, and has been recognized and acted 
upon ever since the infancy of the vocal art. If sung softly 
and regularly, with attention to the directions already given, 
the student will find the next three exercises very helpful 
in tuning the voice and improving the quality of its tone. 

Escercise 48. — noH ON pirst leuger line below. 

C. J. Sneddon, Mus. Bac. 
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doh on second ledger space below. 
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Jas. Sneddon, Mus. Bac. 
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The exercises and pieces hitherto given have been written 
either in two, three, or four-pulse measure. In two-prdse 
measure, we found that the accents were simply strong and 
weak, or weah and strong, a kind of time which might be 
illustrated by such words as — 

1 dawn- : ing, | think- : ing, j draw- : ing, &c. ; or 
; a- 1 wake, : a- | rise, ; be - 1 ware. 


Words of two syllables, beginning on tlie strong accent, give 
what is called the primary form of this measure; those be- 
ginning on the weak accent, |the secondary form. 

Four-pulse is very nearly related to two-pulse measure, the 
chief difference being that every alternate strong accent is 
changed into one of medium force. Words of four syllables, 
such as 

I nao- : men- 1 ta- : ry, | sed- : en- [ ta- : ry, &c., 

would convey to us some idea of the primary form of this 
measure, Ab.j piece of music that did not begin with the 
strong accent would be In a secondary form. This kind of 
measure is often called common time, 

In three-pulse measure (or simple triple time, as it is fre- 
quently called) the accents are strong, weah, weah, as in the 
words 

I fed- : ing- : ly, I ten- : der- : ly; 
ot weah, strong, weak, m 

: a- I lam- : ing, : he- | tray- ; ing, ; with- ] draw- : ing, 

and the like. The former give the primary, the latter the 
secondary form of this measure. 

Six-pulse measure, which has now to be introduced, stands 
in much the same relation to three-pulse time as that of four- 
pulse occupies with respect to two; it provides for a rather 
quicker style of movement, and gives a medium for every alter- 
nate strong pulse. 

I Spir- ; it- : n- | al- ; i- : ty, | pn- ; sil- : la- | nim- ; i- : ty, 

words in wHch the accents may be described as strong, weah, 
weah; Tnedium, weah, weah, may assist in conveying some con- 
ception of this kind of time or measure in its primary form. 
To begin on any but the strong or accented p^ wordd give 
a secondary six-pulse measure. Very frequently music 
voi*. x. 


zm 


written in this kind of time requires to be sung or played 
so quickly that we feel as if a kind of two-pulse measure were 
being performed, having every pulse divided into three equal 
parts. If the following couplet, viz.- — 

Beantifhl bird hf thS wond^rfSl song, 

Soanng Sind singing thS snram& d% long, 
is rather smartly repeated, it will be felt tiiat, with the excep- 
tion of the last word in each line, the syllables run together 
in groups of three; and that it might be written either in six- 
pulse measure, thus — 

I Bean- : ti- : ful | bird I of : the | won- : der- ; fnl | song ; — : — 

I Soar- : ing j and | sing- ; ing: the | snm- 1 mer : day | long : : — 

or in two-pulse measure, six of the pulses being broken up 
into thirds. Music for these words could therefore be written 
in either of the two ways, yet time, rhythm, accent, and sound 
would in each be the same. Exercise 51 is given in both. 

In the ordinary notation, when three notes of any hmd are 
to be sung in the time of two, a curved line, mth the figure 
3, is placed over or under them, thus — , 

and they are called triplets, another word ^ ^ ! < J 

for thirds of a pulse or beat. The sign lor r r r ^ 
thirds in tonic sol-fa is the comma inverted, ^ ^ ^ 


Exercise 51. — 3>oH ON second dine — bound in two paeons 
— SIX-PUDSE MEASUEE. 

Key G, Jas. Sneddon, Mus. Bac. 
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-ing and ling - ing th® (sum -mer day long. || 

THE SAME IN TWO-PUnSE MEASURE, WITH TRIPLETS (tHIRDS). 





It will he felt, in singing, that the remarks concerning the 
relation of six to two-pulse measure apply with equal force to 
the next exercise, which is here given in two-pulse measure; 
but it would be beneficial for the student to endeavour to re- 
write it in six-pulse measure. 

Exercise 52. — boh on pirst ledoeb line below — abound 
Key €. IN TWO PARTS. 
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:t *t Id' 


D.a 


f|m :m Is *s 

\ { laoxn - ing, | Fill - iag hearts with de -{light. II 

In the preceding exercise, measures two, four, six, and 
eight are in two-pulse, and one, three, five, and seven, which 
appear in triplets (thirds), are examples of six-pulse measure. 
The latter is called the compound of the former. 

In the two little pieces which follow, the rhythm runs more 
into the form of two pulses to one note and one to the next, 
which, in two-pulse measure, would require to be written as 
two tliirds and a third; thus — 
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Key E, 


-DOH ON FIEST LINE — BOUND IN TWO PARTS 
— SIX-PULSE MEASURE. 

Jas. Sneddon, Mns. Bac. 




/Is :i3] 

i, i G«n.t - ly 


xn Is 


■:d' 

the 


3=^ 


-:m\s :~ 

- era wave, 




r :s Y 

the / 




s : 


• :m 

re * 






r :“-:s im:— : 

dtaes Ms head, 




-ii— 


in:-— :d \m : 

Faint - ly sniil 


- Mg. j 


^ !• J l~TT i 

L_ hH ^_l J ^ -* — « — • — 


(1 


D.a 


m:“:dlti:“:-|ti :ti |m:-“:d Id:— :ti |d:— 

he laves, 1 Pla - cid on his j glass - y bed. 

Exercise 54.^ — DOH on third line. 

THE VALE OP CLYDE. 

Words by John Struthers. Jas. Sneddon, Mus. Bac. 
Key B Flat, 
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Exercise 55. — round in pour parts, doh on second line. 
Keg G. Jas. Sneddon, Mus. Bac. 
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It will be readily understood by the intdligent student 
that notes shorter in duration than the quaver (the shortest Y 
note which we have as yet introduced) are not unfrequently 
used in music. A semiquaver, as its name implies, is only : 
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■ half the length of a quaver, or, wimt is the same thing, one 
quaver is equal to two ■ semiquavers, iisimlly put thus-— 

P _ P Let it be observed that the vsemiquaver has 

two oblique lines or dashes attached to the stem, and the 
quaver has only one. Even so the sign for a semiquaver rest 

has two heads turned, to the left {^), but the quaver has 
only one (p. 270). Exercise 56 is wri,tteii in common 
time ie. four beats or pulses in, the measure. In a we have, 
semibreves only, each of which will get four pulses or beats. 
In the first three measures of h we have two minims getting 
two beats each. In tlie same measures of a the four crotchets 
will each get one beat. In d there are eight quavers in each 
measure ; two of these will therefore go to a beat. In e six- 
teen semiqimvers occur in tlie measure, four of which must 
go to a beat. In sol-fa language, tliis exercise is said to be 
written in notes of four pulses, two pulses, one pulse, halves, 
and quarters. It will be a good exercise for tlie atiident 
to set any simple kind of pendulum swinging while he en- 
deavours to master this time-study. Let him proceed accord- 
ing to the method recommended at page 272, noticing care- 
fully that one measure is sung in the same time neither more 
nor less than another. The sign for quarters in sol-fa is the 
comma in its usual form. 

Exercise ss. — non on second line, 

a, POUR-PULSE NOTES. 

Ketf G. Jas. Sneddon, Mus. Bac. 
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The notes fah and lah (f and 1) win be fully explained in 
the sequel 

Further illustration of quarter-pulses (semiquavers) will 
be found in the next two exercises. 
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Exercise 58 . — doh on first ledger line below. 
LOVELY MAY. 

Key C. B. C. Unseld. 
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TIME SIGFATUBES. 

In tlie ordinary notation various signs and numerals are 
employed, and one or other of them placed at the beginning 
of every piece of music to denote the kind of time or measure 
in which it is written. This is called the ‘Hirne signature.” 
For four-pulse measure the sign most generally used is the 
letter 0, which letter appears so frequently that the style of 
movement which it represents is called common time. It 
tells that there are to be four beats or pulses in the measure, 
and t^t a crotchet or its value is to go to a beat. Exercises 
49, 50, 56, and others, are therefore written in common time. 

Instead of the letter C the figures | placed one over the 
other are sometimes used. These serve the same purpose, 
for the upper figure tells us that we are to expect four beats 
or pulses in the measure, and the under figure says that the 
value or duration of each pulse is to be the fourth of a semi- 
breve. This is the rule wherever figures are employed, viz. 
the upper figure always points to the number of beats in the 
measure, and the under one explains the relation of each 
beat to the semibreve, which, for this purpose, is taken as the 
note of standard duration or time measurement. Thus the 
figures I would show, first, that we were to expect two beats 
in the measure, and second, that each beat was to be equal 
in value or duration to a minim. This measure is not un- 
frequently shown by the letter 0 with a line drawn through 

it, thus (^ 5 , when it is called alia hr eve time. The figures | 
would indicate that two crotchets (two-fourths of a semibreve) 
were to be looked for. 

Every kind of measm’e is divisible into two kinds, viz. 
common and trijple time. When the number of beats in a 
measure can be divided by two, we have always what is 
understood by the general name of common time ; when such 
beats can be divided by three, we have triple time. Bach of 
these kinds of time is again subdivided into simple and com- 
pouTid, Simple, common, or triple measures are those in 
which the pulses or beats maintain their original value ; the 
compounds of these are formed by adding a dot to each beat, 
i.e. making it one-half longer. Underneath is a 

TABLE OF TIME SIGNATURES. 

COMPOUND COMMON TIMES. 

Sio5 crotchets, formed upon 
© or |. 


SIMPLE COMMON TIMES. 

Alla hreve or two minims. 



Four crotchets. 


r 

mJ 


Two crotchets. 

§ l=?=::r=H 

SIMPLE TEIPLE TIMES. 
Three minims. 


elve quavers, form. upon^. 
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Three crotchets. 
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COMPOUND TRIPLE TIMES, 

Mne crotchets,formedupon % . 


IPO 






Nine quavers, formed upo%\. 






Three quavers. 


Nine semiquavers, formed 
upon |. 



A few additional time signatures may occasionally be seen, 
especially in old music, but the foregoing rules always apply, 
and the above examples include all those which are in 
ordinary use. Notice particularly tliat when figures are 
used the compound of any simple time may be found by 
multiplying the upper figure by three, and the under figure 
by two. 


DRAWING.— CHAPTER II 

MODEL OR OBJECT DRAWIN0 — GEOMETRIC AND NATURAL 
EORMS — PERSPECTIVE — NATURE-STUDV. 

The drawing of objects, or (as it is called by the Science and 
Art Department) model drawing, is one of the most im- 
portant branches of elementary art-study. The term is 
somewhat narrow and misleading. We might suppose from 
it that this is the art of drawing geometric models. This 
would be only partially correct; for the government examiners 
do not restrict themselves to this idea, but have given as 
subjects for tliis examination such real things as wheelbar- 
rows, water cans, tubs, and the like, which can scarcely in 
any sense he called models.” Object drawing is a far better 
term for this class of work, and looked at in the light of this 
designation it will be seen that it brings before us a very 
wide course of study indeed. Everything we are ever called 
upon to draw might be said to be an “ object.” The term 
model drawing” is not only misleading but positively repel- 
lent. The average student’s notion of it is the drawing of 
cubes, prisms, cylinders, &c., and it is difficult indeed to 
see the connection between this unattractive work and the 
delightful study of art which they had proposed to them- 
selves to follow. 

Few things are less attractive at first sight than a cube — 
is so very rectangular and uniform, and the possibilities in 
the way of variety it affords are apparently so small. There 
seems no chance of becoming interested in the drawing of 
cubes, or of getting any one else to be interested in it when 
the drawing is done. If a student begins the study of model 
; drawing — with the prospect of spenffing a long term in pre- 
paring for an examination — without a proper knowledge 
of the ultimate usefulness of all this work, it is no wonder 
that he should feel inclined to “ give it up in despair.” 

But if these cubes, prisms, and blocks be seen to be the 
most simple and elementary examples of objects, and the 
student learns that they are given as examples because they 
are very simple forms ; if he be further taught to note in 
these simple blocks the fundamental forms of more interesting 
objects — then “model drawing” will be joyfully pursued, as 
being the absolutely necessary groundwork of all proper study 
; of form. So essential is this drawing of simple objects that 
some authorities on art have considered it to be the only 
branch which a student should follow, and have advised com- 
mencing at once by drawing things, without any previous 
practice in drawing from copies. 

Mr. Ruskin, with characteristic originality, says in his 
“ Elements of Drawing,” “ Go out into your garden, or into 
the road, and pick up Sie first round or oval stone you can 
find,” and advises his reader to begin Ms art studies with 
drawing this stone ; “ for,” he says, “ if you can draw that 
stone rightly you can draw anytMng.” 

He shows the student that in the cracks and fissures of the 
stone he has in miniature the hollows and ravines of a moun- 
tain side, and quite the same reasoning may be applied to the 
geometric models used in schools for the teaching of object 
^rawing. When the student sees that in the lines of these 
simple and unattractive models he has the fundamental lines 
of the more advanced objects that he longs to be able to 
draw — ^that the lines of a pyramid, for instance, are exactly 
similar to those of a church spire, and a prism very like a 
tower-— then the fact that a thorough course of model or 
object drawing may be advantageous to that end will be 
evident. 

The observant student wiU often be surprised at the nu- 
merous forms wMch a very simple object may assume when 
placed in various positions in relation to the eye. Here in 




ig. 1 are a few of , the possible appearances of an ordinary 
drawing board. It will be seen from these sketches that the 
number of appearances which the very same object, differently 
placed, may assume may easily be thought of as infinite. 
An intelligent person will probably ask, How do we get such 
a variety of appearances? We shall attempt to answer this 
very proper question. 

Light travels in straight lines, called rays, from some 
source, such as the sun. These rays of light fall upon the 
vanous objects around ua. These objects not only receive 
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but they also reflect light. That is, the rays of light which 
laJl on an object are reflected or thrown back from it ■ We' 
may therefore say that we see all things by means of rays 
supposed lines of light wMch proceed from the tMiiffs 

themselves Tliese rays fall upon and enter into the eyl- 
the eyeball being round, or nearly so, the rays fail upon it 
^ shown in the subjoined sketch (fig. 2). It is not necessary 
here to show the e.taot physiological action of sight. That is 
eicplained m Naiukap Phiposopht {Optics) and in Phss*- 
otoQX. It IS sufficient to point out the results. Suppose 



the rays of light to proceed from a black-lead pencil; the? 
come from every part of it, but we need only speak of two- 
one from the top and one from the bottom of the pencil. 

back 

part of the eyeball, called the retina or receiving plate we 
get the image— in other words, the appearance — of the object 
we are loolang at. This appearance we must try to imitete 
m our drawing and if we carefully study the diagram given 
that this appearance will change as we move 
the object nearer to or further from the eye. Following the 
S nth'" the PencU at first position we find that they cross 
eh other, m the eye, at a certain angle, and give a rather 



large image on the retina; the rays from the second pencil 
CToss at a smaUer angle, and give a less image; the third 
poation stall less; and if the pencil be removed to a sufficient 

“®’^® P°“t ; after that it 
^1 pass or vanish out of sight. Tliis point is called in 
Sft the v;Mshing point.” Turning now to nature 
^- 1 °^ trmiks or a row of pillars instead of 

ffi graduafly to decrease 

in height as they recede from the spectator, and how the 

or mn vp^r *‘PP?*'‘ approach each other, 

or OTnverge. If we had a row sufficiently long the most dis- 
tant pillar (fig. 3) would finally ffisappear or “ vanish,” and 


A 


>Sg poS^'"^ to us to meet in a 

but are constantly impressing us, 

M few notice them, because of their familiarity^ This de- 

consequent converging 

wifor p footpaths, or the lamp 

Si! o +t ® railway platform by noticing the lines of the 
tlieji^ow to the eye in the distance; any good 

Althonf h**b ®“®f‘ Peaces will show the same results, 

though, however, these appearances are so evident in long 


A 


i “ drawings which represent hundreds of feet 

' Sfom&,r f P’^^'y went in smHer 
inmefore the student often fads to see them, vet as a mat 
of logi^ reasonmg it follows that if the lines of tSlwa! 
of the footpath look narrower half a mile awav thar/bl? 

toe first fewmches, and therefore that in an oK^tnS 
to or so long the lines which recede from areve m 

WesuTOMe *® ^®*^ *° convert 

we suppose that a student has sat dovm to sketch an nhiAi 

As these instructions are intended for stude “.TLS:; 
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the opportunity of attending clas&as, as well as those who 
have, we will suppose the object to be a box, the nearest 
approach to a cube within the reach of all. 

The box should be placed at a reasonable distance from 
the eye — say 6 or 8 feet — and the student should sit facing 


Fig. s. 



it, as shown in fig. 5. The first Kne placed upon the 
paper should be the nearest upright corner of the box ; and 
as students often ask the question, 
Fig. 4. « How shall I begin ? ” we may give 

this as a general mle : — Begin with 
the nearest mrtical line if there be 
but one abject ; and if more than 
one, draw the largest object first, 
grouping the smaller ones round it 
in proper relation as to position and size. 

When this first upright line is drawn it should be made 


Fig. 6. 



a easonable size— not less, say, than S inches Mgh ; tor 
this line wfil be the standard or scale in proportion to 
which aU the other lines will be drawn. If therefore it be 
made too small, the whole drawing will of necessity be also 
too small. Taking this line, then, as the standard, it will be 
necessary to measure the relative size of the other lines. 
The method of measuring the comparative size of the parts 
of an object is somewhat hard to understand, and rather 
difficult to explain. But as it is desirable, if not absolutely 
essential, that this measuring should ^be done, the student 
should read the following instructions carefully : — The 
pencil should be taken in the hand as shown at fig. 4, 
and held between the eye and the object so that the top 
of the pencil coincides with the top of the line a b; the 
thumb should then be slowly moved down the pencil until 
it coincides with the bottom of the line, b (that this may 
be properly seen one eye should be closed); the line ab 
will then be represented by a space on the pencil from 
thumb to top. If now the hand be moved forward, i.e, ' 
nearer to the object, this space will appear to increase; 
if brought nearer to the eye it will decrease. To avoid 
this variation the hand should be held at precisely the 
same distance from the eye— say at arm’s length. The 
first line, a b, having been measured in this way, the 
pencil should be moved to the upright lines on the right 
and on the left. They will be found to be shorter — thus 
proving the accuracy of the law of optics wliich has just 
been explained (figs. 2 and 3), namely, that lines appear 
to decrease in size when placed further from the eye. The 
horizontal lines or edges of the box which connect these 
upright lines will therefore converge or approach each 
other. The distance across the top of the box should 
next be measured and compared with the height at a b 
— the pencil being kept always level with the student (in 
technical phrase, parallel to the picture) and not put level 
with the parts of the object. The height being so measured 
it will be found that the (^stance from end to end of the 
box, across the top, appears to be very much less than the 
height at a b, although it is in reality very much larger. 

Beginners constantly tend to make spaces similar to the 
top of this box too large, and it is only after much instruc- 
tion and practice that the space is represented at its proper 
size. Tills is due to the fact that the student is tempted to 
draw from his knowledge, and not from and in accordance 
with the impressions of sight. He cannot, at first, believe it 
possible that the large rectangular top of the bos should 
appear to be such a very narrow space. A remarkable in- 
stance of this tendency was shown by a child at an examin- 
ation held in model drawing ” some time ago. The ex- 
aminers gave as a subject a cube with a plate on the top. 
The child saw two sides of the cube and the top; knowing 
that the first side was square it was so drawn; the second 



was also drawn as a square by the side of the first; and the 
top being known to be similar to the sides was drawn like , 
them. Of course the child knew that a dinner plate was round, i 
and therefore a circle was placed in the square representing 
the, top of the cube. Some may smile at such an absurd 
result as that show in fig. 6, but almost every beginner; makes 
a similar eaor, only in a less degree. ' In the same 





is a drawing of the two objects (Ho. 2) such as would be made 
in hundreds of cases by students who have had some instruc- 
tion in model drawing, and yet it is only a little less wrong 
than Ho. 1, and a little nearer the right, as shown at Ho. 3. 

After drawing the box in the position shown at fig. 5, it 
shbjild be placed up on its end and, have the lid opened at 
various angles. Then an endeavour might be made to draw 
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tiho door of a room and the surrounding doorcase, tne aoor 
being opened at various angles. Next a large square cup- 
board or chest, opening the li<? or the doors or drav ers. 
Several drawings of each object should be made in various 
positions, constantly comparing the length of the lines in the 
l?.iethod above described, and also noting careMly the dtrec- 


iloTi of lines by holding the pencil, or perhaps better still, the 
edge of the dmwing board, horizontally or vertically against 
them, and looking along this edge with one eye. In all th^e 
more elaborate objects — chests, cupboards, &c, — the details 
will nearly always follow the lines of the general shape, as 
sho/m at Plate ill. If the student diould find any difficulty 
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m obtaining simple forms for practice they can be easily made 
out of cardboard, or even stiff paper, in the following manner; 



— Shapes similar to those given at fig. 7 should be cut out in 
card or paper, and . the lines shown in the figures marked upon 
thenpu If card be used these lines should be slightly cut with 


a knife, then the card or paper doubled or folded up, as 
shown in one of the figures, and the edges fastened together 
with a little gum. These objects might be combined in groups 
so as to make fair imitation of well-known architectural 
forms, as shown at same figure. 

We have hitherto spoken only of rectangular or straight- 
lined objects. We now proceed to give some directions for 
the drawing of circular objects, or objects with curved lines. 
It win be well to begin with a circular piece of card about 
the size of a dinner plate. This should be drawn in various 
positions. It will soon be discovered, if rightly set about, 
that there are only three forms which the circle can possibly 
assume — 1, a true circle; 2, a line; 3, an ellipse, which 
will be wider or narrower according to the view we have or 
take of the circle. In most cases we shall get tliis appear- 
ance of an elliptical shape; very seldom indeed does it yield 
that of the line or the true circle. To draw this ellipse 
correctly it will first be necessary to get its two diameters or 
oases — the shorter one called the minor axis, and the longer 
one called the major axis. It will be found the best way 
to draw these at right angles to each other, and then to try 
to draw the ellipse through the points forming the ends of 
the axes. An ellipse is a difficult form to draw, and should 
be attempted with great care. When a student has made 
about a dozen drawings of the circular card a more com- 
plicated object may be taken, such as a large milk pan or 
water jug ; these objects really consist of a series of circles 
with a few connecting lines. These circles should be looked 
for and drawn fia*st, the experience gained by the study of 
the card being made use of in this case. 

The circles used in constructing the drawings are here shown 
(fig. 8) side by side with the drawings themselves. In some 
cases very few connecting lines are necessary. When the object 
is upright a straight line should first be drawn for the centre. 
This central line will be found very useful. Wiien the object 
is inclined it should be used as an axis, round which the 
whole form should be carefully balanced. 

These sketches are slightly shaded, for it is really im- 
possible to express the roundness of forms in certain posi- 
tions by a mere outline drawing; a cylinder, for example, when 
right opposite the eye would appear as a simple rectangle, and 
the fact of its roundness cannot be shown without shade. 
The student should not be disappointed therefore if he finds 
that after aU his care in drawing a round object it will not 
look as if it were sound. Light and shade must be employed 
to give the true effect of roundness. It is desirable, however, 
to work in outline at first, for two reasons — fiirst, because 
it is a necessary training for the government examinations; 
and secondly, because light and shade is a very important 
branch of art work, and should not be attempted without 
some direction such as we hope to give in a future article. 

The number of objects which may be taken as drawing 
models , is almost infinite, but as it is sometimes difficult to 
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decide wbat to choose out of the many which we have around 
us, the following may be taken as examples suitable for the 
purpose Books in various positions, opened and closed. 
These should be taken as oblong blocks first, and afterwards 
all the details of the binding may be added except the lettering; 


when closed the leaves of the book should always be treated 
as one mass. (2) Most of the things on a breakfast table; 
cups, saucers, and basins especially make excellent examples. 
(3) Many kitchen utensils, such as pans, bowls, candlesticks, 
and boxes, are also useful ; and out of doors, (4) tubs, 
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wheelbarrows, gates and gate posts, steps, benches, buckets, 
and scores of other objects besides those of which specimens 
have been given in these pages. All these form excellent 
studies for the earnest and industrious student ; aU will repay 
the effort requisite to reproduce them, and each will contribute 
to the knowledge, experience, and dexterity of the patient 
and industrious spirit who gives Ms days and his nights to 
the acquisition of the practical power of drawin<y. 


TEmONOMETEY.—CHAPTEE lY. 

SINES AND COSINES AND THEIB BBUATIONS — THE OOBBEIiA- 
TIONS OF SIDES, ANODES, ABCS, ETC. 

The true test of knowledge is the ability to use it. To see 
in the midst of a considerable intricacy of phenomena, the 
special fact to wMch investigation ought to be given, and to 
trace that fact in its relations and consequence as clearly and 
as far as possible, are evidences of knowledge really acquired 
and properly pursued. Hence we purpose, having laid before 
our readers so much of the main matter of trigonometrical 
theory, to present an instance of the entire working out of a 
definite problem through all its cMef relations, and so to test 
the perceptive power acquired by the student of our former 
chapters of following out into a consecutive course of reasoned 
research the matter therein placed before him. In the pro- 
cess of resolving the distinct problem, we shall carefully ex- 
plain each step taken, and clearly define each line referred to, 
in such a way that the student who follows the course of the 
demonstration presented to him will readily understand how 
— ^proceeding by inspection, and guided by the instructions 
already given— he may pass from one fact to another, aided 
by accurate reasoning, close calculation, and those happy con- 
trivances wMch, according to wisely accepted convention, have 
been made famDiar to us, and be enabled to determine the 
several parts of a plane triangle from certain elements of that 
same triangle given in experience or accepted by agreement. 
The problem wMch we propose to submit to special inspection, 
examination, and explanation is one involving the foundations 
of trigonometrical science, and affording the groundwork, if 
intelligently understood, of aU the propositions that are essen- 
tial for the solution of plane triangles. 

Probdem. The. dne and cosine of an arc hdng given, to 
find th£. tangent, cotangent, cosecant, and versed dne of 
that arc. 

We first present an illustrative figure, bringing vividly be- 
fore the eye the several essential trigonometrical lines — ^as 
they have been defined at p. 96 — ^in their proper relations 
one to another. Let the construction be, say, as follows: — 
Describe a circle AQ- BGl'(fig. 1) with the raMus OA, which 
take as equal to wnity. Make AC the arc wMch meas- 
ures the angle ACC, and having the usual defined relation 
to the right angle A 0 G. Erom the point C we may next 
let feU the perpendicular C D upon the radius 0 A, and also 


the perpendicular C 1 upon the radius 0 G. Prom the point 
A, the extremity of the radius 0 A, let us raise the perpen- 
dicodar A T, prolonged so as to meet the line 0 C, and also 
let the perpendicular GS be raised from the point G, the ex- 
tremity of 0 G, extended also so as to meet the line 0 0, pro- 
longed so as to meet it at 8. 

This gives us (1) 0 D as the sine, i,e. the first certain 
element of our mvestigation — for the sine of an arc, or of the 
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angle which it measures, is a straight line drawn from one 
end of that arc to a diameter passing through the other end 
of the same arc; and (2) C E, the cosine, because it is the 
sine of CG, the complement of the arc AG — ^in other words it 
is that part of the radius contained between the centre of the 
circle and the touching point of the sine; and hence CE 
equals OD. Whence we see (1) that the cosine of an arc 
equals the cosine of its supplement; and (2) that neither the 
sine nor the cosine of an arc can ever exceed the radius. 

Having made sure of what is given us, let us make our- 
selves equally certain as to what we are to find. These are 
(1) the tangent, that is, a right line touching the circle in the 
beginning of the arc, and produced thence till it meets the 
radius (extended) that is drawn through the other end of 
the arc, as A T toucMng 0 C extended to 8 does ; (2) the 
secant, that is, the straight line drawn from the centre of the 
circle wMch, cutting the circumference, meets the tangent, as 
0 T does; (3) the cotangent, that is, the tangent of the comple- 
ment of an arc, as G 8 is; (4) the cosecant, that is, the secant 
of the complement of an arc, as OS is; and (5) the versed 
dne, that is, the part of the radius of an arc wMch lies be- 
tween the sine and the arc, as A D is. Besides this finding 
of the secant and cosecant, we may easily see that these lines 
always exceed the radius, and that the tangent and cotangent 
may vary through all possible degrees of magnitude. 

The mere inspection of the figure will show us (1) that the 
triangle 0 D 0, formed by the radius 0 C, the dm C D, and 
the codm OD, is a right-angled one. Hence the right- 
angled triangle OCD is formed by lines which hold to one 
another (Euclid 1. 47) the following relations — ^viz, 0<7~CD® 
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-fO J>\ or employing the algebraic notation and denoting the 
radius by r, we have r‘^=sin‘'’a+cos2a (ex denoting the angle 
A 0 C) ; (2) that the triangle (right-angled) formed by 
the secant 0 T, tangent T A, and radius 0 A — that is, OAT, 
is a similar triangle — as is also (3) that formed by the co- 
secant OS, the cotangent GS, and the radius OG, that 
is, the triangle OGS. From these facts of observation we 
deduce these facts of relation — the triangle OAT gives 
0 T'-* = 0 A^ -f- A T®, or sec^ tan^ a ; and the triangle 

OGS gives 0 S- == 0 G^ + G S-, or cosec^ a=^r^+ cot^ a. 

Besides these more direct deductions, we can realize to 
ourselves these further facts, and express them in similar 
formuise — viz. Between the similar triangles ODC, OAT, 
the following relations appear, 0 1) : 0 A : : I) G : A T, that is 
to say, that cosair :: sin a : tan a, and therefore that tan a 

But again we can say, as OBC, OAT, are 

cos a 

similar triangles, 0 1> : 0 A : : 0 C : 0 T, which is expressed 

thus, cos u! : f : : r : see a ; and thence sec a— — . 

cos a 

Once more, OAT and OGS are similar triangles; hence 
A T : 0 A : : 0 G : G S, which yields the following expression 

5.2 ’ 

tan a : r : : 9- : cot <z; therefore cot a = . Again, 0 E C and 

tan a 

0 G S are similar triangles, and therefore OE:EC::OG:GS, 
which otherwise expressed gives the formula, sin a : cos a ; : 

T : cot a, and therefore cot a = Still further, OE : 0 C : : 

sin a 

0 G : 0 S; this is formulated sin a : r : : r : cosec a, wherefore 

cosec «=-: — . 
sm a 

It may be as well here to observe that of the eight possible 
trigonometrical lines, the following are called direct — viz. the 
sine, the tangent, the secant, and the versed sine of an angle or ' 
arc; and the following indirect — viz. the sine, the tangent, the 
secant, and the versed sineof the complement of thatangie or arc 
— ^in other terms, the cosine, cotangent, cosecant, and coversed 
sine. In general, it may be said that whenever we gain any 
known relation between the direct and the indirect trigono- 
metrical lines of an arc, we can form a new one by simply 
changing the direct lines into lines which are indirect, cor- 
respondent, or reciprocal 

The most practical point to be considered is how we may 
best bring the different sides of right-angled triangles into 
such relations as subsist among trigonometrical lines. This 
may be readily done by making any side of a rectangular 
triangle the radim of a circle; for then the other sides will 
necessarily become sines, tangents, or secants. Let us see. 

1. In the rectangular triangle ABC (fig. 2), let the hypo- 
tenuse be made the radius of the circle C B. It is clearly seen 
that B C is the dm of the angle A, and that A B is its codne, 
Now we know that as the acute 
^^8^* angles of a rectangular triangle 

are together equal to a right 
angle, and are therefore the com- 
plements of each other, the sine of 
either is the codne of the other, 
and nice versa, and hence B C is 
the cosine of the angle C, and A B 
is the sine. 

2. If, in the right-angled tri- 
angle ABE (fig. 2), the base 
A B is considered as the radius of 
the circle CB, the tangent of A is 
plainly B E, and A E is the secant. 
But the tangent of one angle A is the cotangent of the other, 
and the secant of one angle is the cosecant of the other, 
wherefore BE is the cotangent of E, and AE its cosecant. 

3. If the perpendicular E B is regarded as the radius, B A 
is the tangent of the angle E, and the hypotenuse A E will 
be its secant. As, however, the tangent, secant, &c., of one 
angle of a right-angled triangle is the cotangent, cosecant, &c., 
of the other, the base A B will be the cotangent of the angle 
A, and the hypotenuse A E wiU be its cosecant. 

These examples being fully understood, little else will be 
required to prove the foUowing 



Peoposition. I 71 any right-angled plane triangle, if any 
of the three sides he made the radim of a circle, the other 
ddes will he dther sines, tangents, or secants, of the angle 
correspondent to that radius. 

There can be no triangle given to which a similar cannot 
be constructed. Hence, as the sides of similar triangles are 
proportional, we can see the correctness of the following 

Theoeem. In any right-angled triangle (1) the radius is 
to the dne .of either of the acute angles as the hypotenuse is 
to the side opposite to that angle; and (2) as the radius is 
to the tangent of dther of the acute angles, so is the dde ad- 
jacent to that angle to the side opposite to it. 

Let ABC (fig. 3) be a rectangular triangle, having the right 
angle at C. With centre A and radius A B describe the circle 
B E. Let fall the per- 
pendicular E F upon 
A B, and from the 
point B, touching the 
circle B E, raise the 
perpendicular B G. 

Then E F is the sine 
of the angle A, and 
BG is its tangent. 

The two triangles A E F and A GB, are evidently similar to 
the triangle ABC, and therefore A E : E F : : A B : B 0, or 
r : sin a : : A B : B C ; and A B : B G : : A C : B C, or r : tan a : : 



AC:Ba 

If we refer to the preceding proposition we may reason thus: 

1. If the hypotenuse is the radius of a circle BE, then 
the radius A E : the hypotenuse A B : : E F, the sine of the 
angle A and the cosine of the angle Eithe base BC; and 
again, the radius A B : the hypotenuse A B : : the sine (A 
angle A and cosine of angle E : the perpendicular B C. 

2. If the base is made the radius of the circle, then ABC 
and A B G are similar, and therefore A B : A G : : A C : A B, 
and A B : A G : : G B : B G; in other words, A B, the secant of 
the angle A (which equals the cosecant of the angle B), holds 
the same relation to the hypotenuse A G as does the radius 
A C to the base AB; and this same A B (secant of A and 
cosecant of B) holds the same relation to the hypotenuse 
A G as C B (tangent of A and cotangent of B) does to the 
perpendicular B G. 

3. If the perpendicular is regarded as the radius of a circle, 
then A E F and A B C are similar, and the proportional lines 
are A E : A B ; : A F : AG, and E A : B A : : B F : B C. That is, 
A E,the secant of E and cosecant of A, is similarly proportioned 
to the hypotenuse A B as is the tangent of E and the co- 
tangent of A {i.e. AF) to the base AC; and also that the 
same secant of E and cosecant of A (j,e. E A) is similarly pro- 
portioned to the hypotenuse A B as is the radius E F to 
the perpendicular B C. 

By the same reasoning we may infer that the tangent of 
the angle B, or the cotangent of the angle A, holds the same 
relation to the base as the radius does to the perpendicular; 
for any of the preceding formuise of proportionateness may be 
equated by inversion of their terms. 

Proposition. In any triangles, the sides are to one an- 
other as the sines of the oppodte angles — ^viz. A B : A 0 : : 
sin A : sin B. 

Let A B C be any plane triangle — either acute (as fig. 4), or 
obtuse (as fig. 5). From each vertex let fall a perpendicular G B 


Fig. 4. 
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to A B — ^prolonged if requisite. Then the line C B is the sine 
of A to the radius AG; that is, CB=sin a. Again, the 
line GB is the sine of angle B to the radius BC; that is, 
C B=i=sin h. Equating these values they stand thus: — 

a sin sin A, and therefore % 

6 sm B 
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The same result may be very beautifully deduced geometri- Northmen.” Dimng Edmund’s reign, brief though it was, 

callv in tMs way Any triangle can be inscribed in a circle, justice was carefully administered In it, a law punishing 

Let ABC ffis. 6) be the triangle given, and 0 be the centre of robberywith death was passed. His first wife, Elgiva, wasa 

_ ^ *v>P 1 n T> vnvfniAnD ’r\ip*t AAAOcs trrliA cnAnf: rrsilAli nf T-iav a 


the circle. Draw the lines OD, 0 E, perpendicular to C Band most virtuous princess, who spent much of her fortune in 



C Tthe'siderof the triangle;’ then by Euclid III. 3 and 30, purcliasing the liberty of slaves. Turketel of Croyland, 

’ these sides of the triangle will grandson of Alfred the Great, acted as chancellor of the Idng- 

be bisected, and so will the arcs dom, and faithfully fulfilled his duty to the king. Edmund 
which subtend these sides. Now met his death in his own house at Pucklechurch, by the dagger 
anangieat the centre of a circle of an assassin—Leof, an outlaw— on St. Augustine’s Lay, 
is double of an angle at the 26th May, 946. Leof knew that, on a festival day, he could 
circumference when they both ‘ not be lawfully slain. On entering the hall the Mug’s cup- 
stand on the same arc (III. 20). bearer challenged him, and would have put him out. Edmund 
Wherefore an angle at the cen- rose from his chair on the dais, caught Leof, drew him from 
tre is equal to an angle at the his seat, and threw him on the floor. Leof thrust his knife 
circumference standing on the into the king’s heart. He died instantly, and was buried in 
double of the same arc, i.e. an Glastonbury Abbey, of which his friend Luiistan was abbot, 
angle at the circumference of a Leof escaped. 

circle is measured by half the The children of the warlike Edmund were too young to 


circle is measured by half the 


arc on which it stands, and an occupy the throne, and Ms brother Edred became his successor 


angle at the centre by the whole arc on wMch it stands. 
Hence COL equals GAB, and COE equals 0 B A. The 
sine of the angle 0 0 L is C G, and 0 F is the sine of 0 0 E. 


(946). He was crowned in the sight of the people in the 
open air, on a great platform raised in the market-place of 
Kingston-upon-Thames. There he received the homage of 


Join F G. It will he parallel to A B. Then, as is the case the Scots and the Cumbrians ; but the Northumbrians under 
in all similar triangles, G G : C B : : C F :C A; that is, the sine Eric (Blood-axe), son of Harold of the fair iiair, king of 


of the angle at A is to the side CB as the sine of the angle Denmark, refusing to acknowledge his sovereignty, Edred, 


at B is to the side C A, and vice versa. 


though feeble in health, resolved on their subjugation. 


When we know two sides of a triangle and an angle fierce struggle ensued, and Edred was victor. Tlie North- 
opposite to one of them, or two angles and a side opposite umbrian rulers had been allowed to bear the royal name of 

’.1 ... ^ . !_• 1 — 2 . J .3 2 . 1 ... 2 ... 2 .... ...» ...... 1.1 


to one of them, the other three elements of the triangle king; but Edred degraded the territory to an earldom, set- 


may always be found in accordance with tMs proposition. 
The cosine of A (figs. 4 and 5) to the radius A O is AL, 


ting over it a governor named OsuM ; and conferred the north- 
ernmost part of the province, round Edinburgh, on the King 


therefore A L = 6 cos A ; and the cosine of B to the of Scots, to be held by him as a fief. Edred' took upon him- 
radius BO is BL, therefore BL==(X cos B. Hence c—a self the style of “Sovereign of the fourfold empire of the 


eosB-f& cos A. If instead of having the vertex at 0, 
we took it at B, we should have for result 5 = c cos A+ « cos C, 


Anglo-Saxons and Northumbrians, Pagans and Britons.” 
Owing to the ambition of Ms nephews, Edred’s rule was 


and if A were taken as the vertex, the result would be threatened with strife, but worn out with war and disease 
a=Scos 0-hccosB. These equations contain in brief the sum he died (955), and Edwin the Fair, son of Edmund I., was 

rnT.w ^ ^ ... ... Tt 1.H ... .. 4* irv\ A j'NtVi {'A r% w 


of plane trigonometry. They involve all the six parts of a crowned with great magnificence at Kingston, 


triangle: (1) the three angles, (2) the three sides. These three 
equations enable us, any three parts being unknown quanti- 


Turketel had by tMs time retired to Croyland, and Lun- 
stan — nephew of Athelm, archbishop of Canterbury in Athel- 


ties, to determine them, provided the other three (one being stan’s reign— had become Edxed’s cMef adviser and prime 
a side) are known; hut fewer than three is insufficient. The minister. Lunstan had created enemies among the church- 


method and the results of the transformation of theseequations men by introducing the austere discipline of Benedict. The 
into others, and the logarithmic calculations into which they young king had been smitten by the charms of a handsome 

. -ii ^ 1 , , . .. •' 1 J Trai..:— _ j 1.. .1 


are transferable, will afford matter for further explanation. 


HISTOEY OF GEEAT BEITAIN AND IRELAND. 
CHAPTER III. 


SAXON AKD DANE — THE LOSS OE A KINGDOM — CANUTE’S 
OEOWNINQ — ^PKEPAEING TOR GREAT CHANGES (941-1066). 


kinswoman of Ms own, named Elgiva, and Imd, in opposition 
to the advice — we might almost say the commands— of Dun- 
stan and Odo, archbishop of Canterbury, married her secretly. 
On Ms coronation day, Edwin, misMldng the rude merriment 
of the carouse, withdrew early from the festival, and sought 
the sweeter society of his spouse. The noisy nobles deputed 
Dunstan to recall the king to the banquet. Dunstan and 
Odo entered the royal apartment and beheld Edwin playfully 


Edmund the Elder, sumamed the Deed-doer, the brother of caressing Elgiva. Applying to her the most opprobrious epithet 


Athelstan, who had been the “sure helper in war 


that can be used to a woman, Dunstan dragged Edwin from 


hero of Brunanburgh,^ was, as the heir of Edward, chosen her into the chamber of the carousal, to the great glee of the 
king. He was hut eighteen, and his youth tempted the convivialists. 


Dan^ to resist his domination. Under Anlaf, whom they Of course, woman, monarch, and monk were soon em- 


called from Ireland, the Northumbrians revolted, and when broiled. Edwin claimed account of Dunstan’s administra- 


Edmund entered the field against them, he found that, sane- tion of the royal finances. Dunstan refused, and the king, 


tioned by Wuffstan, archbishop of York, the Mercians also charging him with malversation, exiled the monk, who 
were up in arms. With strenuous heroism Edmund crossed rethed to St. Peter’s at Ghent. The kinjs: took the part of 


the Humber, but the enemy was^ too powerful, and he, by the secular clergy, and the regulars, headed by Odo, who was a 
treaty, resigned to Anlaf the ffistrict north of Watling Street Dane, fomented revolt among Ms countrymen, and fanned 


—the great {Gwuith~len) legion-wrought Roman road wMch ambition in the breast of the kin^s brother Edgar. A 
intersected the land. On Anlaf s death, his son could not general rising took place in the Danish settlements, and the 


maintain his power, and Edmund regained Ms lost rule in Witan of Mercia elected Edgar, who was advised to supplant 


Northumbria. Over the Strathclyde Cumbrians, Edmund Ms brother. Edwin divided the sovereignty with Edgar. 


effected a conquest, but, knowing it would he hard to keep, 
and willing to subdue by conciliation a dangerous neighbour, 
“the King of the English” proffered Ms war-won land to 
Malcolm I., king of the Scots, to have and to hold as Ms 


The latter recalled Dunstan, and he, returning, brought with 
him the ban of the church upon Edwin’s marriage as one 
witMn “the forbidden degrees” of cousinship. Elgiva’s 
cheeks were branded to destroy their beauty. She was carried 


own, provided the latter became the fellow-worker of the by force from the king’s presence, and taken to Ireland. 

fniTTYIPV >117 COQ. ana Iona Ji J -.1 .2? 1 1 .1* *' 1-1 11* 


former by sea and land, Malcolm consented, and his depend- glory of her loveliness was restored. She escaped from her 
ency w^ secured. Thereafter Edmund turned Ms attention durance in Brin, and having crossed the sea, was intercepted 
to the Danelaw, subdued Mercia, and reconquered from the on her way to the king by Dunstan’s orders, and imprisoned 
Danes the five burghs— Leicester, Nottingham, Idncolh, at Gloucester. Here she was tortured and liam-strung. 

erhy— .which “ were aforetime under t^e Exposed at once to starvation and neglect, death soon put 


btamioro, and Derby — ^which “ were aforetime under t^e | Exposed at once 
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a period to her sufferings, Meanwliile the revolt against the 
authority of Edwin grew more open and wide-spread, and at 
length he was deposed. Crownless, wifeless, without health 
of heart or strength of hope, he too was removed to Gloucester. 
Either by murder or from sorrow, while yet under twenty, 
he died. 

Edgar was now, though still but a boy, sole monarch of 
the land. He had been trained under Odo, and the Danes 
had placed him on the throne. Bunstan w^as the despot who 
was reaUy — et regis imperator — king and ruler of the 
king. lie was bishop of Worcester and of London, and 
subsequently held simultaneously the sees of London and 
Kochesteivas well as the primacy of Canterbury after Odo’s 
demise. Edgar was an eager servant of the church. Gain- 
ing the throne when but a boy of fourteen, he exercised the 
functions of royalty fourteen years before he was formally 
crowned at Bath, “on the day of Pentecost,” 973, by Bunstan 
and Oswald. The policy of Bunstan preserved the country 
from the pirates of the Baltic. Edgar’s reign was not dis- 
turbed by foreign invasion or domestic discord. He was 
distingiiislied for public virtues and for private irregularities 
of life. He was a serf to the church and a slave to his 


passions. The church, the abbey, the cathedral pile bear 
witness of the former, and both the legends and the annals 
of his reign tell of the gay diplomacy by which lie gratified 
the latter. Even Hume becomes poetic when he relates how 
Elfrida, daughter of Olgar, earl of Bevonshire, became 
Edgar’s second wife. The land was filled with praise of her 
beauty. The king’s amorous nature was stirred. He com- 
missioned Atheiwold to inquire if rumour were right. He 
went, found that the half had not been told him, wooed, won, 
and wedded the lady. Returning, he reported that fame lied, 
but asked permission to wed her — for her wealth. Edgar 
consented, and then resolved to visit the bride. Athehvold 
besought her to conceal her loveliness ; she resolved to blaze 
out in every form of fascination. Atheiwold, while hunting 
with the king, was pierced by a javelin, and Elfrida became 
Edgar’s queen. 

In Edgar’s reign, under Bunstan’s rule, three fleets guarded 
the seashore of England; the Cambrians, the Scots, and the 
Cumbrians owned Edgar’s overlordship; and, at his corona- 
tion, six sub-kings admitted vassalage and rowed him down 
the Bee to St. John’s Minster. “ God,” said he, “has reduced 
under my power all that this island within it holds.” He left 



Worcester Cathedral. 


fcwo surviving children: Edward, son of his first wife Elflede, ' 
and Ethelredj.son of his second wife Elfrida. The “Saxon 
Chronicle ” records that “ he loved foreign vices and brought 
heathen manners too fast within this land, and enticed hither 
outlandish men and allured pernicious people to this country,” 
and notes that he departed this life 8 th July^ 975 . It adds, 

“ May God grant his good deeds be more prevailing than his 
misdeeds, for Ms soul’s safety in the long journey.” 

^ Elfrida was anxious that her son Ethelred should be made 
king, but the chief aldermen chose Edward the son of 
Elflede. Ecclesiastical strife continued, and Elfrida fomented 
the commotions against Bunstan. The Banes, knowing that 
disputes were raging, seized the opportunity of renewing 
their incursions. Alfere of Mercia, and Oslac of Northumbria, 
resenting Bunstan’s imperialism, and many of the clergy 
being opposed to Ms Benedictinism, the land was involved in 
sad contention. Nobles and ecclesiastics formed into parties, 
and Biornholm, a bishop of the old order, took charge of the 
strife against Bunstan in the church. Elfrida hoped for most 
from the anti-monastic party, and when — at a great meeting 
at Caine, at wMch it had been resolved to denounce Bunstan, 
an accident occurred wMch seemed to show that the monk 
was under the special protection of heaven^-Mure of that 
party became imminent, she bent her energy to defy fate. 
Edward, unweeting of danger, on some simple message visited 
Ms stepmother’s house in a wood near Corfe. EHrida in- 


vited Mm to alight, but he would not. She offered Mm » 
flagon of wine, and while he was drinking it, stabbed Mm in 
the back. He swooned, Ms horse gallopped off, dragging Mm 
by the rough stirrup-straps through the woodpath. He was 
found dead, and Elfrida had Ms body thrown into a ditch. 
The monks surnamed him “ the Martyr.” 

A few of Bunstan’s opponents met liastily and proclaimed 
Ethelred (978) — then only ten. Bunstan resolutely main- 
tained Ms hostility to the king and Ms party. Since Athel- 
stan’s. death, the shores of England had been free from the 
invader’s foot; but now Anlaf of Norway, and Sweyn, the 
banished son of the sovereign of Benmaxk, brought their sMp 
force to our shores. Southampton and Thanet were ravaged, 
Bevon and West Wales had havoc wrought among them, and 
the pirates pillaged Portland and burned London. Sweyn’s 
visits became systematic. In 991 they attacked East Anglia. 
The king was weak. His mirede (want of counsel) gained 
Mm the name of “the Unready.” The nobles were not 
trustworthy. Treachery abounded, and ruin threatened tlie 
land. Ethelred was advised by Archbishop Sidric to bribe 
the Banes to depart. At a cost of £10,000, cowardice bought 
ease for court and camp. Year after year the shores were 
mercilessly harried. Though the Banegeld was levied, it 
failed to secure immunity from wrong and wretchedness. An 
animated poem tells us of the heroism of Brithnoth of Essex, 
who in 994, at Maldon, bravely resisted the marauding in- 
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vasion of Justin and Guthmund, and sped the death-spear 
against tlieir hosts. In 997 unspeakable spoil was taken at 
Tavistock; by 1006 “they liad sadly marked every shire in 
Wessex with fire and harrying.” At last mismanagement 
produced chagrin, and “no shire would help another,” al- 
though “ everywhere they robbed and slew” the people. The 
Danes had proceeded so far gradually. The treacherous 
Elide of Mercia had been banished, but Edric, his successor, 
walked in the same ways. Elfric was pardoned, and was 
placed in command of the fleet, but allowed himself to be 
defeated at sea. Edric, by subtle policy, more than once 
defeated the plans formed for the protection of the people. 
He counselled the king to enter into a treaty of friendslnp 
with Richard, duke of Rouen, and Ethelred took to wife 
Emma (Elgiva), that Norman noble’s sister, who, though 
beautiful, was selfish and cold-hearted. Edric also advised 
the gravest crime and worst blunder of tliis wretched reign — 
the massacre of all the Danes in England on St. Brice’s Day, 
13th November, 1002. Among those thus slain was Gun- 
hilda, Sweyn’s sister, who had married a Saxon. After 
seeing her husband and her son struck down in her presence, 
she predicted that such acts would only exasperate her 
countrymen. Edric ordered her to be killed. On hearing of 
these atrocities, Sweyn swore that he would tear Ethehred 
from his throne, and set sail, for that purpose, with a large 
fleet. Thurkill the Tall followed with sixty ships full of 
soldiers, and sixteen shires were subjected. Ethelred fled to 
Normandy, and the English swore allegiance to Sweyn. 
Sweyn died shortly afterwards. Ethelred retoned, promis- 
ing “to rule rightlier than before,” and every Dane was 
outlawed. But the Danish army chose Canute, Sweyn’s son, 
as their king, and he claimed England as his father’s con- 
quest. He soon acquired the greater part of the land, and 
but for the brave Edmund (Ironside), Ethelred’s son, would 
speedily have vanquished the whole isle. In April, 1016, ; 
Ethelred’s inglorious reign came to an end. On his death 
Edmund was proclaimed his successor, but Canute had 
secured the fealty of many. Edmund fought six battles in 
seven months. Edric again played the traitor at Assingdon, 
and brought about his defeat. Canute agreed to divide the 
sovereignty with him. Edmund received Wessex; Canute took 
Mercia and the north. Edric of Mercia assassinated him on 
St. Andrew’s Day, and Canute the Dane W'^as, in 1017, king 
of all England. 

The form of election by the Witanagemote was gone 
through according to custom, and the entire sovereignty of 
England was conferred by vote on Canute at the age of 
twenty. He at once outlawed all the descendants of Ethelred. 
Edmund’s brother was murdered, and the children of that 
king were exiled to Sweden. Anlaf conveyed them to Hun- 
gary, where Stephen the Pious treated them honourably. 
The elder son, Etomnd the Outlaw, married Agatha, daughter 
of the Emperor Henry II., and through Edgar Atheling 
and Margaret, queen of Scotland, transmitted the sovereign 
rights of the house of Cerdic. Canute divided England into 
four provinces, and for a time ruled it — as conquerors are 
said to be compelled to do — with a rod of iron. Finding that 
his crown was safe, Canute embraced Christianity, resolved to 
govern as an English king, restored the Witan, married 
Emma, Ethelred’s widow, and paid off his Danish troops. 
Canute became the organizer of England, and made himself 
a famous name as a friend of peace, order, and civilization. 
Bound himself he retained the crews of forty ships to act as 
a body-guard. They were called the king’s house-earls, and 
were the first royal standing army in England. As most of 
the nobility had perished during the disastrous wars of Ethel- 
red’s reign, and he had conquered the country, Canute looked 
upon the territory as his own, and distributed it by writ to 
thanes, bishops, and reeves as he chose — thus abolishing the 
old notion of folkland among Ms subjects. By the institution 
of the four great provincial earldoms of Wessex, Mercia, East 
Anglia, and Northumbria, and by encouraging the jurisdiction 
of the nobility witMn their own territories, he relieved him- 
self of many minor details in the management of the nation, 
and made the habits of the people more favourable to feu- 
dalism. 

On the demise of Ms brother Harold (1019), Canute Visits 


Denmark, and assumed the sovereignty of it. He reduced 
the Swedes and the Wends in Northern Germany in 1025. 
In 1027 he visited Rome, and wrote thence a letter to his 
British subjects, assuring them that he “had vowed to 
Almighty God to rule his life by righteousness, and his king- 
dom and people with equity — piously observing equal justice 
everywhere,” and promising, if in youth he had done anything 
amiss, he would endeavour hereafter, by divine help, to amend 
it. He revisited Denmark and acquired the crown of Norway 
in 1028. He accepted homage from Malcolm II. of Scotland 
for Cumberland, and received, the chroniclers say, into sub- 
mission Melbethe (Macbeth 1) and Jewart, two Scottish ciiiefs. 
On his return he engaged in many good works, constructed a 
causeway, “king’s delf,” from Peterborough to Ramsay, 
drained the Fens, built towers, bridges, and churches. He 
was fond of money, but spent it wisely, and greedy of power, 
which he used discreetly. He was shrewd, pious, and pleasant 
of speech; fond of hunting, poetry, and music; small, though 
lithe of frame, and active both in mind and body. He was 
not made haughty by power, nor corrupted by prosperity. 
Canute died, 1035, at Shaftesbury, and was sepulchred in 
Winchester. 

Contrary to Ms promise to the English, that Ms children 
by Emma should succeed him, Canute bequeathed the crown 
of England to Harold and that of Norway to Sweyn^ — ^two 
sons of his older than Emma’s son Hardicanute, whom he 
made king of Denmark. Egelnoth, archbishop of Canter- 
bury, refused to place the crown on Harold’s head, but laid 
it on the altar, saying, “ I will neither give it to thee, nor 
prevent thy taking it, but I wiU not bless thee nor shall any 
bishop hallow thee on the throne.” Harold ceded Wessex 
to Hardicanute, who, however, remained so long in Ms king- 
dom of Denmark that the thanes accepted Harold as sole 
sovereign, and banished Emma. Edward, her son, had sailed 
to Southampton, but finding the people indifferent to his claims 
returned to Normandy. Alfred, having been invited to visit 
Ms mother, was seized, imprisoned, and blinded at Ely, where 
he died. Hardicanute joined Ms mother at Bruges. He 
was preparing a fleet to assert his rights when news of 
Harold’s death reached Mm, and he was, without opposition, 
acknowledged as king. He invited Edward to court and 
put Earl Godwin on trial for the murder of Alfred. The 
chief thanes acquitted Godwin, and the monarch received Mm 
into favour. To show Ms despite of Ms predecessor, Hardi- 
j Canute had Harold’s body exhumed and cast into a fen. The 
: heavy taxes he levied made him unpopular. He was a beiier 
I of Ms pledged faith by betraying Eadulf, earl of Northumber- 
I land, who had placed himself under his protection. Insurrec- 
j tions arose, and he laid Worcester waste. On the 8th of 
i June, at the marriage of the daughter of Osgod Clapa, his 
Mgh steward, to the Danish chief Tawid the Proud, Ms 
standard-bearer, he was standing up to pledge the health of 
the wedded pair when he fell suddenly, in terrible convulsions, 
and without speaking died. He was buried in the old min- 
ster of Winchester, and, for Ms soul’s sake, his mother gifted 
to the new minster the head of St. Yalentine the Martyr. 

Edward the Confessor was immediately chosen king, 
though Edward the Outlaw was still alive. He was remark- 
able for munificence and piety, but he was a foreigner in 
habits, interest, and speech. He gained a transient popu- 
larity by banishing many of the most eminent Danes. He 
married Edgitha, Godwin’s daughter, to win Ms aid; and 
though he was nominally sovereign, the son of Wulfnoth, “the 
Child of Sussex,” really wielded the kingly power. Godwin 
resented French influences — the Witan exiled Mm. He 
went to Flanders, whence he soon returned with a great fleet 
and threatened to invade the land. Edward conceded all he 
asked, and the Godwin family regained their domination over 
Mm. William of Normandy visited Edward in 1051. In 
1054 Edward espoused the cause of Malcolm against Mac- 
beth, and sent Siward of Northumbria to defend the right. 
Harold, Edgitha’s brother, succeeded his fiither as Earl of 
Wessex, and he and Tostig subdued the Cambrians and de- 
feated Prince Griffiths. Edward recalled from Hungary 
Edward, son of Edmund Ironside, and Ms son Edgar the 
Etheling ; the former died in a short time, and left the latter 
the sole living representative of the early Saxon line. Harold 
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actively undertook all warlike expeditions and all embassies 
and political affairs. The king devoted himself to church- 
building, holy contemplation, and pious deeds. At Christmas 
he was present at the consecration of Westminster Abbey, 
and on Twelfth Night, 1066, ‘‘then, suddenly, came Death 
the bitter, and that dear Prince took from the earth. The 
angels bore Ms soothfast soul into Heaven’s light. But the 
wise king bestowed the realm on one grown great, on Harold’s 
self— a noble earl” Next day Edward the Confessor was laid 
to rest “within the newly haUowed church of St. Petei^s, and 
Harold, for three months, was Hwy.” 
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: : ctB GEEEK LANGUAGE.—CHAPTEE III. 

^ AUJECI'raVBS— BEOLENSIOlf AND OOMPAKISON — IKREGULAB 
POEMAMONS. 

Adjeotivus express the qualities or attributes of tMngs. 

Adjectives in their declension follow the forms and in- 
flexions of nouns. In adjectives of three forms, i.e. one for 
each gender, the feminine is declined like nouns of the First 
Declension, and the masculine and neuter like those of the 
Second or TMrd, according to their respective terminations. 


Adjectives 
having the 
masc. in 


* Preceded by a vowel or p, as -a, -ov ; dvHp os, -a, -o». 

Exampues. — Aycfti/of, ->?, -01^, mild; -g/a, -y, dull, 

blunt; -sffoet, -gy, woody; -yi, -ovp, simple; 

eras, -mot, -otVf every, all. 

Adjectives are either (1) of the Fkst and Second Declen- 
sion, (2) of the Second only, (3) of the First and Third, or 
(4) of the Third only. 

1 . Adjectives op the First and Second Declension. 

These have their masculine in os, their feminine in tj or ci, 
and their neuter in op. Most adjectives in w? and ^os are 
declined with three terminations. 

Those in og pure and go? have ot in the feminine; aU others 
in Of, including those in oos not preceded by have >?• 

fioomsf alone. 

Smgular. 

Nom., 

Gen., 

Dat., 

Acc., 

Voc., 

Dual. 

N.A. V., 

G, D., 

Plural, 

N. y., 

Gen., 

Dat., 

Acc., 

SimOarly decline, dyooBo'. good; bad ; fAotT^otKog, 

soft; aTTOLkos, tender; kivxog, wMte; tvikog, evident; tsottvo?, 
pleasant. 

But those in (1) os pure and (2) ^os are declined with ot in 
the feminine, thus: — 


Masc. 

Fern. 

Neut. 

i^OVOSf 

(tO«PJ5, 

fXOPOP* 

f&omv, 

ftoPYig, 

fAOPOV' 

ftOP(^, 


fA>QP(fi‘ 

ftovop. 

gtoPYiP^ 

ftOPOP* 

ftOPS, 

^OPM, 

fitOPOP* 

^om. 

(A,opat. 

fitOPO)* 

ftomtp. 

ittOPCtiP, 

ftOPOiP. 

ftomi, 

ft^OPOif, 

(AOPOt. 

ftomp. 

fAOPap, 

f&0P(WP* 

jtOOPO/f, 

ftOPOtii, 

ftopotg. 

/OOPOff, 

foopotg. 

(Jtovotf 


Singular, 

Nom., 

Gen., 

Dat, 

Acc., 

Voc., 


tDA/of, friendly. 


Masc. 

Pern. 

Neut. 

0iktog, 

0lkiot, 

Cpikiop, 

0/kiOVf 

0tkmg, 

<Pikiov. 

0ikiO), 

(pikist, 

0ikta. 

(Pikiop, 

(ptktctp. 

(pikicp. 

0ikn, 

0tkiot, 

0ikiop. 


Singular, 

Masc. 

Fern, 

Nom., 

/fgos, 

h(^ot, 

Gen., 

/ggg, 

h^ot. 

Dat, 

h^ou, 

ii^otg. 

Acc., 



Voc., 

is^op, 

k^e&p. 


Smgular. 

Masc. 

Fem. 

Neut. 

Nom., 

•7rokv% 

■jrokkYit 

woAp* 

Gen., 

Trokkov, 

TTOkkT^i, 

'^roAXoP* 

Dat, 

xokku. 

’TTOhkV^i 

TTOkkt^* 

A.cc«, 

orokvp. 

TirokkviPf 

TTOkV- 

Voc., 

'TTOkV. 

Tokkn, 

croXt>» 

Dual and plural regularly formed from 

'TTOkk f, 'irokkn* 

'S'oXAop. 

Singular. 

f^tsyag, fZsyetkYi, 

Masc. 

fAsyot, great 

Fern. 

Neut. 

Nom., 

fisym, 

f4>£ye6kYj, 

fisyot* 

Gen., 

fitiyukov 

fiosyotkriS, 

ftsyotkov. 

Dat., 

usyotku. 

ftiyotkT}, 

fASyetk^* 

Acc., 

jxsyoip. 

fAiyetkifjP, 

^lyat' 

Voc., 

fisyet, 

f4>eyotkv}. 

/xiyot’ 


fg^og, sacred. 

Neat. 
h^ov 
h^ovf 
is^OV’ 

In the dual and plural the cases liave all the endings like 
those of ^opog. 

Decline similarly, ^J/os, worthy; small; d^yu^sog, 

silvery ; f^ocK^os, long ; dytog, holy; rustic ; 

wicked; orog^pogos, purple; o>o/os, like; terrible; 

gXgp^g^of, free. 

IIoAps and fAzym form their cases regularly as from 'wokkog 
and fjtsyotkog, except in the nominative, accusative, and voca- 
tive, singular, masculine, and neuter. 

ttoXps, vokkvi, '?rokv, many. 


Dual and plural regularly formed from ^sy^Xof, fitsyetkn, 

fAiyetkoif. 

2. Adjectives op the Second Declension. 

These have their masculine and feminine in og, and their 
neuter in op. As some nouns in og of the Second Declension 
are masculine and some feminine, so in some adjectives of 
tMs declension the form in og serves for both masculine and 
feminine; as, masc. and fern, dkiti/zos, powerful; neuter, 
dk^ifcoy ; gen. for all genders, dkx.ifiov. 

There are a few adjectives of this declension in ag. These 
have the neuter in m; thus, iksojg, iksoiv, propitious; dyvi^o)^^ 
otyvi^mj unfeding; and are declined like nouns of the Second 
Declension of the same termination; as, masc. and fern 
if^wkicag, full ; neut. ; gen. sing, (for all genders 

I^TrXgca. 

Examples in os, os, op. 
xocr^/of, og, OP, elegant. 


Singular. 

Masc. 

Fem. 

Neut 

Nom., 

xocrfAiog, 

xofff^eos. 

KOGf^lOP. 

Gen., 

xocrftiov, 

xoaftiov, 

XOG^tOV. 

Dat, 

XOOffAi^. 



Acc., 

XO&fXtOP, 

xoaptiop. 

XQGfJtiOP. 

Voc., 

KOGftiS, 


mGU>iop. 

Dual. 

N.A.V., 


KQ(;git6i, 

x>0G(xm. 

G.D., 

xoQ^mp, 

xQfffxmp, 

xmfAmp. 

Plural. 

N. V., 

XOfffi.lOlj 

XOtffAiOl, 

TtOGfAtOt. 

Gen., 

KOffUWP, 

KOfTfAlCiP. 

KOGfXiCdP. 

Dat, 

xoafAiots. 

KOfTfAiotg, 

xongi.ioig. 

Acc., 

icodfitovg. 

Koorfxiovg, 

xoaf&iot. 


So decline ov^otyiog, og, ou, heavenly; wokvipotyog, og, op, 
voracious; h^o^og, spBo^op, renowned; dhxog, unjust; ddotfotrog, 
unable; iv(pmos, harmonious; Tretyxotkos, quite beautiful; 
ceyoe^os, unmarried, &c. 
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The contractions of adjective^! agree exactly with the rules 
given in regard to the declensions of nouns; as, «^rXoo$, on, 
'idv, single; o», crowded; S<rXoo5, o>j, oo», con- 
tracted > 5 , ovvj double (and all nmnerals), 

T(io(^v^iog^ ^£fl6, ^iov, contracted Tro^cpygoi/;, purple. 

Singular, Singular. 

Masa Fem. Neut. Masc. Fern. Neut. 

]iT. o/rAot's, o/7r’Aj3, O/wAowy; croo(?)t/g«, 

G. fn-rAov, o/flrA)??, ^."^'Aoy; ■.70^(t^vpc&s^ 7ro^(Pv^ov. 


D. 


0/?rA5j, 

TOP(pVfli^, 

Kro(}$voa. 

A. 

B.'-rAotiy, 

OiwAv?^, 3/<rXoyy; 

TTo^^vQovu^ 

V. 

S/'rAoy, 

O/wApyy; 

TTO^ipV^OC, 

roo^v^QV». 


Dual. 

Masc. 

Fem. 

Neut. 


N. A. 

V,, o/wAp), 

o/^A«, 

p/'>rA<y. 


G. B., 

i^/orAo/y* 

B/-rA(56/y, 

^i'Tf'kOtiU 


Plural. 




N. V., 

i^/'zrAo/, 

QiKrTioHj 



Gen., 

S/TA<yy, 

B/7rAo/ff, 

B/xA<yy, 

B/wA<wy. 


Bat, 

BiTrAaft/f, 

O/frAo/ff. 


Acc., 

B/xAo)y%, 

B/7rAa5, 



The case-endings of 7ro^(pv(oovg in the plural are exactly 
similar to those of liTr'hovs* 

Compounds of vov; woSo?, a foot, take the inflection of the 
noun — e.g. '^{ttovc, harovg^ h^ow; B/ttoBo?,' 

3. Adjectives op the First and Third Beolension. 

Adjectives of the First and Third Declension have their 
feminine in of the First, and their masculine and neater of 
the Third. Their terminations are— 


Pominatire. 

Genitive. 


Voc. 

Masc. Fem. 

Neut. 

Masc. Fem. 

Neut. 

Masc. 

-flC;, aivos; 

av. 

-«yo5. 06/yyjf, 

<9eyo^. 

•AU. 

-i^y, s/yac, 

sv. 

syoj, 

gyp?. 

-gy. 

-mg., liduop. 

-os/f. oscrcra, 

-3lg/5, y:g<rcrfi6, 
/cora, 

/gy. 
ostt. \ 

, ovv. ) 

, iisy. ( 

7}U. i 

-^£yTP5, isaavig. 

-OVUTOg, OVffffTlS, 

)fiurog, YiCffTig, 

/gyro?. 

ovvrog. 

YiVTog. 

•su. 

•ov. 

-su. 

-VST, £/«-, 

V. 

-SOS, SiC&S, 

SOS. 

-V. 

-&( , oy<7ct. 

ou. 

-oyro?, ovaTig, 

ovrog. 

-AO, 

affac, 

etif. 

-auroSj otans, 

AUTOS. 

-6)0. 

-«5, f/ffOl, 

iU. SUTOS, €i<7‘/!S, 

iC 6:A«?, ^gAflfi/ya, jtisAay, black. 

svrog. 

-SO. 

Singular. 


Masc. 

Fern. 

Neut. 


Nom., 

{AiKag, 

^sAfl^/yfC, 

IA€Kau- 


Gen., 

jW.£A«yo£r, 

frPiKAlUYig, 

fAShAUOg. 


Bat, 

fisKccvt, 

ftrS'hAiV^, 

fASKAVi, 


Acc., 

f4>ik0CV0C,. 

fi>ShAiVAV, 

fASXAV, 


Yoc., 

^sAiJcy, 

lAShAlPA, 

fAS^AU. 


Dual. 

N. A. V., 

fcsT^ms, 

(AST^OtiVA, 

fASK-'Vi. 


Or . D., 

^?Afifcyo/y, 

fAST^AiVAlV, 

(AS AVOIW, 


Plural. 

■ N. V., 

fcsT^oti/sgy 

(ASl\AtyAl, 

(askaua. 


Gen,, 

firi’Kc'ueuu, 

jC^gAa/ypjy, 

(asKavau. 


Bat, 

g.s’Kmt (y), pi.€kaiVciLis^ 

fAshuiat(»\ 

Acc. 

/igAayots , 

fASXAiUAg, 

(AShAUA. 




Singular. 

Masc. 

Fem. 

Neut 

, , Nom., 

XApms, 

XAplSffffA , 

XPtpiso. 


Gen., 

Bat, 

V . , Acc. 

Voc. 

XApmrog. 

XApiSTGlnSf 

XAptsoros. 


XAotsort. 

XApisaa^, 

XAptSOTt. 

yv • 

XA’.nOTA, 

XApiSGOAO, . 

XApm. \ 



XApiSGffAy . 




Mvasc. 

Fern. 

.Neui. 

N. A. V., 

XApt'iUTS, 

XApUffGA. 

XApiwrs 

G. B., 

XApiSuTOiP- 

XAOitfJGASO. 

X’^p(soroiu. 

Plural. 

N, V., 

XApaursg. 

XAptSrJGAi 

XApiSPrcg.. 

Gen., 

XCipiSUTOfU, 

XApisnaoio 

XA0iSUT6)U. 

Bat, 

XADmot {v\ 

). XApisaGciis, 

X^PfSiffi (y), 

Acc., 

XAOiSUTA:. 

XA'HSGGAS, 

XApiSOTA. 

Linilarly decline nfArms. 

, honoured; dosfAos 

ig, windy; 

. sounding; 

AifAOiTOStS, 

bloody; fAsKiroa , 

sweet 

Singular. 

^Apvg, iSApssA, (Saov, heavy. 

Blase. , Fem. 

.Neut 

Nom., 

^Apvg, 

/3aj«g/c«, 

^A^V. , , 

Gen., 

jSApiog, 

(iAOimg, 

ISapsos.' ' 

Bat., 

(Saph, 

$A^-.iA, 

^AqSi. 

Acc., 

(SApVO, 

^A^SiAU, 

(SiAov. 

Voc., 

(Bapv, 

i^AOsiA, 

$A^V. ' , , 

Dual. 

N. A. V,, 

ISaoss, 

jSAOSiA, 

0A^se. ■ ' 

G.D., 

^APSQIO, 

iBAOSiAlOf 

/3,K^£o/y. 

Plural. 

N. V., 

^Apssg, 

(^tAPHAl. 


Gen,, 

^ApS'jiO, 

^A^stmu. 

0APS6)O. 

Bat, 

j^ApSGi, 

^A^SiAlS, 

0A^Sffi. ' 

Acc., 

A pi AS, 

(StAOSiAS. 

0ApSA. 


Similarly decline /3o6%, deep; slow; y'hvicvg, sweet; 

vjhvs, pleasant; v}fci(TVi, the hah. 

Adjectives in vs, use., v are contracted in dative singular 
and nominative and vocative plural, but the neuter plui’al is 
seldom if ever contracted. 


Singular. 


Dual. 
hf. A. V., 
G. B. 

Plural. 

V., 

Gen., 

Bat., 

Acc., 


racf, ‘TTotrocj every, all. 


• trecvTow , 
-Km It 

■ Trmrscg ^ 


wmoch 

Trmm , 

7 rm<xiSt 


‘T9i¥'-S. 

TZOtMT ^ ti ). 


vaC 0 T 9 t . 

VKavr & v . 

'KOCf/i, 

Kraurm . 


So decline i^w-oss, the whole entirely, and ail in 

body, and all participles in of^, ay; as arm, crma. 
, arm, standing. 

I exm, szovaea^ skquj willing. 


Similarly decline the only like adjective rec^acs, miserable. 
X»ptiiSf %ot,:isaatx., xmm, graceful. 


Singular. 

Masc. 

Fem. 

Nent. 

N, V., 

SKPiU, 

SKOVGA^ 

£XOO. 

Gen., 

SAooTOg, 

SAOVffyig, 

sxooTog. 

Bat, 

smuTtj 

SKOVG , 

SXOOTl. 

Acc., 

Dual. 

saoota. 

SXOVffAO, 

sxoo. 

N. A., 

SKOOTs, 

SKOVGA, 

SXOUTS. 

G. B., 
Plural. 

SKOUTOiO, 

SX.QVffAlO, 

kxooTOto. 

N. V., 

SAOOTSS, 

Sy^OVGAty 

exooTA. 

Gen., 

SKovrepo, 

SXOVffPJOf 

SXOOTPiO. 

Bat, 

SKOUGl, 

SAOVaAig^ 

SXOVKt. 

Acc. 

SX,OOTAS, 

SXOVGAfj 

SXOOTA. 






Similarly decline unwilling; and participles in &>*, 

, oi/fflft, oy, and ot/f, owfir<56, oy; as ruitrmv^ striking; rird^^v- 
al^ut to strike; giving; oovg, having given. 
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4. . Adjectives OF , THE Thied Deolexvsion. 
These have their masculine and feminine alike. 


Examples in' ns, m, ss ; 

d'knBnw d7\.n9r,Sy 

■£kn9ss, true. 

Singular. 

\Iasc. 

Fern. 

Neut. 

Fom., , : 


ix>kn9n^, 

osA n9is* 

Gen., 

%Kn9iog, 

sc‘kri$sog, 

dKn^sog, C. -OV; 

Bat., „ 


ocTivihi, 

dXri9si, 

Acc., 

i*A,«^g!56, 

'ecTiti&set, C. -n, 

ceAs-jv^g?. 

Voc., 


ii'hnhi, 

<»'kn9&g* 

Dual. 

F. A. Y., 

ot>7in9ss, 

i»7iYi9s&, 

dXYjhs, c. -jj. 

G. B., 

^Iknhoip, 

(x.'knhoip, 

dcTin^iOlP -QiP. 

Plural. 

F. V., 

c&7\n9iss, 

»M$ssg, c. g/s, 

d%.n9st& -j?. 

Gen., : 


£C)\ Ylhop, 

dsilkriQs'jip -<ay. 

Bat., 

tkKn9s(ri (p\ 

^7\.Yih(r{ (y), 

aA-/|4'(r/ {p). 

Acc., 

aTindse&'i, 

»’hr,9-6tg -£/f, 

dxn^ioe. -n- 


Similarly decline wyiVYi?^ noble; exact; iv^psT^n^, 

decorous; glorious. 


Singular. 

Fom., 

Gen., 

Bat., 

Acc., 

Voc., 

Dual. 

N. A. Y., 
G. B., 

Plural. 
N. Y., 
Gen., 
Bat, 
Acc., 


%/ 5 , skilful. 


Masc, 

tPOit. 

ilpij, 


IQOiS, 


Fern. 

i^Pi, 




Neut 

C. 

Upi. 






(u), ihqiai {u), (p). 

./g, <B^/!S£. 

Similarly decline gen. -/to?, acc. masc. and fern. 

-/Tflfi or -iv, VOC. pleasant; (pi'kQvrccrptg, gen. -/Bos, acc. masc. 
and fern. -/Bst or -/y, voc. patriotic; and adjectives in t/?, vs, 
y; as avpo(ppvg, -v?, -v, gen. -yo?, supercilious; ot^ocKpvg, -y?, -y, 
unpitied. 

cfp)0pct}p, ff£t}0pii)v, ff/ycppow, prudent. 


Singular. 

Masc. 

Pern. 

Neut. 

Fom., 

ffoCppop, 

<700 p0P, 

ffO0pOP. 

Gen., 

(FOCppOPOS. 

<7o0popog. 

a’o0pQpog. 

Bat., 

ffO^pQPl, 

ffO)0pQPt, 

GC>)0pOPl. 

Acc., 

(TOCPpOPOO 

(7O0pOP<Z, 

m0pop. 

Yoc., 

<700 pop, 

(7O0POP, 

fJO0UOP. 

Dual. 

F. A. Y., 

(r&)0prjPS, 

ao0pops, 

m0popi. 

G. B., 

cr6i0popoip, 

<7O0pOPOiP. 

<7O0POPOIV. 

Plural. 

F. Y., 

ffoOpoysg, 

<7m0poP9.g, 

(700 pop 00 . 

Gen., 

a-£o0ooyop. 

ffO0pOPOP, 

(ro)0^opop. 

Bat., 

(FoOoofJi {p)f 

C7O0pO(Ti (p), 

(7O0pO(7i (p). 

Acc., 

(roi0pQPOtg, 

<FO0pOUOOS, 

(TO0QOPO&. 


Similarly decline iT^syippav, compassionate; dppvpp >, blame- 
less; ivlccipppip, fortunate; nipprip or dpavip, genitive dppspos or 
dpffspog, nianly; also comparatives in 6}p; as pou^m, greater; 
^eKrmp, better. 


B/TToy?, B/^roys, B/croy/#, two-footed. 


Singular. 

Fom., 

Gen., 

Bat, 

Acc., 

Vo^., 


Masc. Pern. Neut. 

'htfnrpvs, ^ir:ovst B/^royy. 

B/croBo?, B/ttoBo?, B/sroBo^. 

B/^tqB/, B/otoB/, B/xoB/, 

B/ 7 roB/» or -oyy, B/'TToBflft or -oyy, o/'royy. 

B/iroy? or -oy, B/xoy? or -oy, B/oroyy. 


Dual. 

Masc. 

Fern. 

Neut 

F. A. Y., 

B/croBg, 

B/ttoBh, 

B/croBg. 

G. B., 

B/TToBo/y. 

o.'TToBo/y, 

B/woBo/y. 

Plural. 

F. Y., 

O/TTOOgS, 

B/~oB«5. 

B/woocj. 

Gen., 

OiTTOOOP, 

B/'ToB/yy, 

OtTolop. 

Bat,, 

O/TTOSr/ (p). 

0i7r0C(£ (p). 

B/xoff/ (p). 

Acc., 

’^i-TTOOCOg. 

o:7roQ»g, 

B/XoBi5&. 


Similarly decline /SootByroy?, slow-footed; yd^/'roy?, sublime; 
Bg/yoToyg, terrible. 

CoMPAKISON OF ADJECTIVES. 

The degrees of comparison are three: ( 1 ) positive, ( 2 ) co??^- 
parative, and ( 3 ) superlative. 

The most common form of indicating comparison is by add- 
ing Ts^o?, OP, OP for the comparative, and rotrog, >j, op for the 
superlative; as positive, poooKocp, blessed; comparative, posty.- 
otprspos; superlative, fpccKuprocrog. 

A less common method of indicating the comparison of 
adjectives is by adding i&tp to form the comparative and /o-ro, 
to denote the superlative ; as 


Pos. 

ijhvs, sweet, 
ophx^og, ugly, 
icotXos, beautiful, 


Comp. 

^B/<wi', 

i»/Vp<s/&y, 

yooKhioiP. 


Super. 

^B/ffros. 

KcOO^iffTog. 


(In the last the finai *a of the stem is doubled.) 

This form is adopted with some adjectives in pog (omitting 
^), and by some in y?; as 


Pos. 

base, 

sx^aos, hostile, 
y.v^og, glorious, 
pe>»)cqos, long, 
oix.r^os, sad, 
lBoo9vs, deep, 
TrtAx^g, fat, 
rcio%vs, swift, 
^POOX^'^'i 
^A(»%y?, small, 


Comp. 

c&iarxi6>i>, 

l')c9iMP, 

pOOPOflCtlP. 


Super. 

uhxiOTog. 

sx9^<^to?. 

jtyB/yro?. 


pPTjKtVTOS. 

— oUriffrog. 

(Su9i6)P, (iooGrjepp, (ioLdiarog. 
>7rooxi(^P-i v:ex.aam, 

T«:%//yy, dcoGGC^p, Ts&x^^'ros. 
fS^UGrarm, (Soc&xiG'TOg. 

l>,€)(.affcop, . kT^ooxiarog. 


TMs mode of comparison occurs principally with adjectives 
in vg. but many even of these have also the other termina- 
tions, and rc&rog. 

Comparatives in o)p sometimes drop v from opot, opig, and 
opotg, and then contract oce. into a, os; and oug into ovg. Tims 
fpsi^opcp becomes fcst^a; pcsi^opsg or ^g/^ova? becomes 

Adjectives whose positives end in og or vg reject the s be- 
fore T£go?, TfitTos, the 0 being changed into a, if the preced- 
ing syllable is short, but they retain o unchanged if a long 
syllable precede; as Tna-ros, faithful, TrtarorsQog, onarorccTog. 

og preceded by a doubtful vowel admits of either o or <sj; as 
Iffog, equal, /Vorggoc, horoorog, or Iff^n^og hojTcorog. 

Adjectives in v?? and g/? change these terminations into h? 
before rg^o? and rarog in the comparative and superlative; 
as ;)(;/»^/£/?, graceful, x^^f^^retrog. 

Positive adjectives ending in »g, ns, and y? add rsgo? and 
Toerog to the nominative singular neuter, op to the nomina- 
tive plural masculine; as 

Pos. Pos, Comp. Super. 

| 66 gA«?, black, F, /wigAccy, fisKocPTsqog, {AsKooproorog. 
gy<pg/3>’/s, pious, gyfiTg/Sg?, svas^sars^og, smsi^sarccrog. 

£v§y?, broad, gyjy, suqvtb^qs, w^vrofrog. 

senseless, F.P.a(pgoii£?, cc^^opscrs^og, dCC^oPsa'rccTog. 

All other adjectives that take rg^o? connect it with the 
root by the syllable ss, sometimes /?. ’ 

The original terms denoting comparison appear to have 
been g/rTg^o? and €£rTsttr 6 ?, shortened in most instances into 
r$^os and rotrog. Especially in the Attic dialect comparison 
is made from adjectives in 05 by adding sors^og, sorrccrog; also 
itrrs^os) urrccros, and oun^og, otinxrog; as — 
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Pos. 


Comp. 

d$hyog, 

abundant, 

d(p&otfSOTS^(}g, 

dx^zTog, 

kzkog, 

4'ivlnSi 

unmixt, 

loquacious, 

dz^ZTEGTEppg, 

kzkiGTS^og, 

TpsuhiGTSpog, 

false, 

(pikog, 

friendly, 

f (pikztrs^og, 
\(pikTS^og, 

/yrkmiog, 

near, 

WkYlGiZiTSQOg, 


Snper. 

d0hmTUTOSf 
dz^siTsaretros. 
TizTiiffTxros. 
xj/sv^wre&Tog* 
f (pikairetTf^i. 

4 <P/Xt«tos and 

‘7rkviGtc^iTcit.ros> 

So some in t&iog are formed by and a/Tarog; as 

: ^cckor/os, ancient, ^eckxtrs^o^, ^c&htzirzrog. 

old, ys^ciiTSQOS, y&(ictir»T 0 ?. 

And some in y}s are thus compared — 

insolent, vlS^iGT 0 TS(> 0 i^ vIS^iGToreiTo;. 

^'AfoygjiT'/3?, COYetous, — TrksoysznGTMTO^. 

The follOYdng list contains those irregular comparatives and 
superlatives which most frequently occur: — 


dyt&hsy good, 

jfcaxos, bad, 
long, 

small, 

iTokvst much, 
p^hogj easy, 
^£yfl 65 , great, 


Pos. Comp. Soper. 

JiT. dfiuvov^ d^turog- 
dysim, dycGScarotTos. 

jBskrtGTog, 

fiikrs^og^ ^shrecrog. 

zpiiGGm^ y.^etTiffTQS. 

kai{6t)u, kmi^GTO^j 

J ZC6Kim^ K(X,?itGrOg, 

\^GGti}v or ^rrGju, i^z/GTOg, 

{ ( fActzQOTS^og, fzccz^orecTos. 

\lzY]zmif or piYiCaaif, pzinziGTog, 

fAtZ^OTi^OS^ fZlZ^QTCtrog. 

SkCtGGm Iktg^XlGTGg, 

TfhV.OiV or GT^.SCtiVj VkSiGTOi, 

pUGTOi. 

(Ail^CiiV, pZiyiGTOg. 

Comparatives and superlatives are also formed from nouns, 
pronouns, verbs, adverbs, prepositions, and participles; as 

1. Fbom Nottits. 




Comp. 

Super. 


gain, 

more covetous, 

•IGTOg* 

^iyog. 

horror, 

^lyim, more dreadful, 

-iGTOg. 



2. Feom Adverbs. 



upwards, 

zmrip^og, 

‘TZTOg. 

zzra, 

beneath, 

ZZTZTE^Og, 

-Tzrog. 


3. Feom Peepositiojns. 
above, vTrs^rs^os, v^s^reeros, by syncope vyrotros. 

T^o, before, Trgors^o?, former, yr^oraros, first; by a syncope 
^rgoaroff, by contraction yr^arog, and by doubling the super- 
lative TT^ejT/GTogf by far the first. 

ADJECTIVES OE TWO TEEMINATIONS. 

These have two forms— one for the masculine and feminine 
common and one for the neuter — and end in 


M.&F. 

y}Si 

N. 

ss, 


^dkYi$7}g, Eg, 

true. 

iSf 

i, 


ivyz^fg, t, 

graceful 

H, 

V, 


d^zz^vg, V, 

tearless. 

ovg. 

ovy, 

> as ^ 

GTokvorovg, ovv. 

many-footed. 

m 

„ sy, 

Ts^vjp’ ^y, 

tender. 

os. 

oy, 


d^zyzTog, oy, 

immortal 

m, 

oy, 


Ev^zi/zioy. oy, 
^svyEcog, m, 

fortunate. 

6}S, 

m, j 


fertile. 


The following adjectives may be regarded as irregular. 
They want the neuter gender; thus — Q. d&Te&yos, 
rapacious; dxmg^ G. dyrszilog, childless; G. fi>c&z(Z(jQg, 

happy; dyuM?, G.'dymros^ unknown. 

Some adjectives in ns and iz<s are masculine only, and are 
declined like nouns of the First Declension; as viSmarvig, in- 
solent; ?r>£ 0 i/s%T>^$, covetous. oi#T05, old; and 

jQTOff, poor, are of the Third, and are only used as masculine. 

Some adjectives in ccs are masciiline and feminine, and of 
the Third Declension; as (pvys&s, fugitive; zhg, 

erratic; also some in and vg. 

adjectives op one TEEMINATION. 

Adjectives of one termination, with the exception of the 
indeclinable numerals from gtsvts, five, to kzzroy, a hundred, 
want the neuter gender; as (zzzz^, izzzz^^g^ happy; d^ctug^ 
d^z/hg^ childless. Those in <»?, zhg and are for the 
most part feminine only, and are often declined as nouns. 

The numerals are in reality adjectives. The two principal 
classes are the cardinals and the ordinals. The first four 
cardinals are declinable, but from 5 to 100 they are all inde- 
clinable. The ordinals, however, are regular adjectives of 
three forms. 

(1) one. (2) two. (3) three. (4) four. 

N. g/ 5 , pciz, h, Si/o and rgorw^gg, 

Q, hog, /zjczg,hog^ Att] TSf/Gz^oju. 

D. h/, fzia. hi, ^voiu (ovGi), r^ioi, tsggzogi, 

A/suz, fzizu, h, ho, T^iig,r^iz, tsggz^ss, 

The compounds of sig — px>‘Yi^ug, and ovlug, no one — ^are 
declinable like ug. 

1. Cardinal numerals express a definite number, and an- 
swer the question, “How many?” as sig, one; Syo, two; rgs/s, 
three, &c. 

2. Ordinal numerals denote numbers in succession, and 
answer the question, “Which special one of a number?” as 
GT^zro?, the first; hvn^os, the second; r^irog, the tliird, &c. 

3. Distributives refer to numbers taken apart; as skzgtos, 
each; Gvuhvo, two by two. 

4. Multiplicatives indicate that the operation of multipli- 
cation is to be thought of in connection with them; as dTkovg, 
simple; OfwXoy?, double; r^ivkovg, triple, &c. 

5. Proportionals denote that relations and parts are to be 
considered; as hyrkzGiog, twice as many; r^iyrkzGiog, thrice 
as many; TrokvTrkzGm, many times, &c, 

6. Abstract numerals refer to number in itself, and not as 
existing in concrete things; as fzovzg. zhg, unity: ovz^, r^izi, 

Tsr^zg, Trspcyrrzg, hf^oopAzg, &C. 

7. Adverbials introduce nimierical references into sentences; 
as once; otg, twice; roig, thrice; nr^zzig. four times; 
GCiifrzztg, five times, &c. 

Among the numerals we might class several adjectives; as 
kzzGTos, each; kzzr^og, each of the tvro; all; as well 
as several adverbs; as Trokkzxtg, often; Trkswrzzis, very 
often; ^lyzzig, seldom; izouoyj^, singly; hyfj Mid oryz, two- 
fold, apart; rirfjzy^, Tsrokkzx,^; zrzt/Tz%'^, everywhere; 
B/7rX95, doubly; trebly, &c. 

Prom the feminine ordinals a secondary ordtal is formed, 
denoting the day on which an event happened; as 
vfKk. he came on the second day; roirziog dyndzu^n, he died 
on th'^ third day. 


The inflexions in the neuter are the same as in the mascu- 
line and feminine, except that the nominative, accusative, 
and vocative cases are alike in both numbers, and in the 
plural these cases end in «. 

Those ending in au, form their neuter by chan^g 
the long into the short vowel; thus— g&)0^qv, prudent; 
d^GYiv, d^GSv, male; dkyj^vis, dkn&ig, true. 

Compounds of vovg, a foot, have the neuter in ovv; as 
ltTovg, h'7Povy, two-footed; and those in /s and vg form the 
neuter by rejecting g] as tvyz^i?, ivyz^i, gracious. 


EXEKOISHS. 

Decline together, through all their cases and numbers, the 
following adjectives and substantives: — 

(1) Having their terminations in o?, r,, ov, or in os pure and 

Qog; dv$i06>7irog diiog, a worthy man; d(p&ovov immense 

wealth; d^km yvrn, an unhappy woman; 

unfortunate Adonis; h^iz yeiQ, the right hand; f$Pog tayv^og, 
a powerful nation; vEzvtzs zzkost a handsome youth; arsvyi 
oBoff, a narrow road; hapcog d^yzkEog, a cruel chain; myzpon 
yur/if a newly married vdfe; zzkn ijzg, beautiful morning. 

(2) Having the terminations zg, zivz, zp; stg, eggz, sv ; 
vg, siz, VI as TTTs^osp kiTog, a winged word; /zskzp tfzzriov, 
a black garment; Grokspcog i^zavg, furious war; Gtzyog ofvs, a 
sharp cliff ; ihiz doihf sweet song; pzikzivz, dark night. 
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IKGLISH LITIEATURE.— OHAPTIB V. 

the EABLY POETS OP SCOTEANB — WYNTOTO — BLIND HABEY 

— KINO JAMES ■ I. — HENRYSON — DUNBAR — KENNEDY — 

GAWIN DOUGLAS— SIR DAVID LINDSAY — MINOR POETS. 

Chaucer’s courtly portly figure stands strangely isolated 
among English poets. From Ms death in 1400 till Spenser’s 
birth in 1552 — upwards of a century and a half — no poet of 
genius worthy of being regarded as his successor arose. 
Through a period of almost ten reigns, this dearth of literary 
power continued. Five Henrys, three Edwards, Richard 
of Gloucester, and Mary held England’s sceptre in this 
interval, but no sovereign singer touched the harp with 
fascinating mastery under their sway. Strangely enough, 
however, at this very season, when literature in England stood 
lowest among the influences of life, in Scotland there was a 
brilliant outburst of poetic productiveness remarkable for 
simplicity of spirit, lyrical fluency, patriotic fervour, and 
ori^nal excellence. James I. carried the infection of verse- 
making from London and Windsor to Stirling and Falkland, 
and then poetic inspiration gave grace to the literature of 
his northern kingdom. No poems of equal merit to “ The 
King’s Quhair” of James I., and the ^‘Testament of Fair 
Cresseid” by Robert Henryson, the “Wallace” of Blind 
Harry, and “the Golden Targe” of Dunbar, can be named 
as products of the English muse of that barren era. In the 
long dreary night of England’s literary winter, the northern 
lights illuminated the sky with variegated brightness and 
auroral activity. 

There can be little doubt that it was a great advantage to 
Scotland, by direct and immediate contemporaneous influences, 
to have its vernacular literature and its language brought 
into living relations with the Mgher minds of the island, 
and to be stirred up to emulation of the highest efforts which 
had as yet been made there. Thus the language of Scotland 
was leavened with the choicest elements of grace, energy, 
intelligence, and imagination ; and instead of growing up from 
the wfld scions of its own climate, had the benefit gained by 
transplanted seeds. That the king on the throne and the 
blind mendicant alike spoke, wrote, and diffused poetry among 
the people, gave it a general influence, and, without doubt, 
inspirited the people with that love of minstrelsy wMch has 
made the rude picturesque energy and the sweet simple 
pathos of the ballad and the lyric the products of the hill- 
side, the fann, and the workshop, and made poetry a real and 
lifelike power throughout Scotland. 

The most eminent of all the early Scottish poets for liveli- 
ness of fancy, richness of language, and variousness of power 
— William Dunbar — supplies us, in his “Lament for the 
Makaris” (^.e. poets), with the names of those who in early 
Scottish literature had acquired repute for their verses. 
Among those named is “ The gude Syr Hugh of Eglintoun,” 
regarding whom entries frequently appear in the “ Accounts 
of the Great Chamberlains of Scotland ” (1348-75), and 
who was connected with the court in the reigns of David II. 
and Robert II. He was in 1374 co-auditor of exchequer 
with John Barbour. His wife was E^dia, half-sister of 
Robert II. Of the poems which he wrote we have no certain 
knowledge. Heriot, of whom nothing is now known, is next 
named. Maister John Clerk and John Affleck are referred 
to as writers of ballad and tragic poetry, but only one reliqm 
of Clerk’s remains. Dunbar mentions and mourns Barbour, 
Blind Harry, and Henryson. He names Sir Richard Holland, 
to the story of whose “ Howlet ” Blind Harry makes Stewart 
refer in Ms dispute with Wallace before the battle of Falkirk, 
’saying:— 

“ A Howlat complained of his fethmim [=rpltimage] 

Whilk Dame Nature took off ilk bird, hot blame, 

A fayre feather, and to the howlat gaiff ; 

Then he, through pride, reboytit all the laiff” [—scorned]. 

Of Syr Mungo Lockhart of the Lee we have no remains, nor 
is his name enrolled in the ancient and honourable family 
which holds “the Lee penny” as an heirloom. “Clerk of 
Tranent,” “that made the Anteris of Gawane,” a metrical 
romance written in thirteen-lined stanzas, in alternate rhyme 
and with much alHteration, of wMch two cantos are (probably) 

VOL. I. 


still extant, is thereby made something more than a name, 
But of Browne, “Sandy Traill,” Sir John Ross, and Gilbert 
Hay all except the name is gone. Patrick ^Johnstone’s 
“ Three dead Powis ” still deliver their sad moralities Dn mor- 
tality to us ; Mersar’s “ Perils in Paramours ” alone is left of 
him “that did of love so lively write, so short, so quick, of 
sentence high Quintin Schaws “Advice to a Courtier” is 
only a leaflet; and “gentle Stobo,” “Roull of Aberdeen,” 
and “ gentle Roull of Corstorpliine,” of whom Dunbar affirms 
“ two better fellows did no man see,” are unrepresented by 
any surviving work. Walter Kennedy of Garrick contributes 
his share to the extraordinary though unrefined wit-combat 
of “ The Flyting of Dunbar and Kennedy.” 

The “ Orygynale Cronykil of Scotland,” which records the 
history of the author’s native land, owes its existence to the 
suggestion of the chief of the famous Fifeshire family of 
Wemyss. The author says: — 

“ This tretys sympylly 
I made at the instans of a larde 
That had my servis in his warde; 

Schyr Jhone of the Wemys he rycht name, 

An honest knycht and of gude fame.” 

TMs was probably Sir John Wemyss of Rires and Kipcal- 
drum, sheriff of Fife, who took possession of his ancestral 
estate in 1375. The writer was, in all likelihood, a native of 
the small village of Winton in Haddingtonshire, who, having 
entered the church, acted as chaplain to the Laird of Wemyss, 
and was aided by the sheriff to advancement in the locality 
where he had interest. Of himself the chronicler tells ns 
that his “ name ” is — 

“Be baptysyme, Androwe of Wyntoune, 

Of Sanct Androwys a chanowne 
Regulare, bot nocbt forthi [— nevertheless] 

Of thaim all, the least worthy ; 

Bot of thare grace and thayre favoure 
I was, hut meryt, mayde priowre 
Of the Ynche wyth-in-Loch-lewyne, 

Havaud thereof my lytil ewyne 
Of Sanct Androwys dyocesy 
Betwene the Lomownde and Benarty.” 

Of the five subordinate priories belonging to St. Andrews, 
tliat of St. Serfs, in the isle of Lochleven, was the foremost. 
It had been an old religious house under the Culdees, and in 
the beautiful monastery there, surrounded by forty-eight acr^ 
of grain-land lapped by the waters gathered in “ the howe of 
the Lomonds,” the prior of St. Serf’s occupied his learned 
leisure in drawing up these historic books, arranged, not, like 
those of Herodotus, in compliment to the nine muses, but 

“ In bonoure of the orderys nyne 
Of the holy angels, whilk the dy wine 
Scripture lowys ; on lik^ wyse 
I will dispart now this tretys 
In Nyne Buiks and in nocht ma, 

And the first book of tha 
Sail tret fra the begynnyng 
Of the warld.” 

He does commence with the creation, and in a singular 
mixture of sacred and profane history tells the story of the 
antique world, filling his first four books with the narrative 
from the formation of the first Adam to the birth of “the 
last Adam” (Jesus Christ), and only having an interjaculatory 
sentence or two occasionally on Scottish affairs. He proceeds 
to run into rhyme King Alfred’s “ Orosius,” the chronicles of 
Peter Comestor, Martinus Polonus, &c., and when he reaches 
Ms own land and time he occupies Ms pages — ^bringing the 
record down to the death of Robert, duke of Albany (1420) — 

“ With Inglis and Scottis storys syne.” 

Among others he supplies us with tMs early form of the Mac- 
beth myth (which we find ourselves compelled greatly to con- 
dense). Of Macbeth-Finlay, “when he was young” and 
“ dwelling with the king,” Ms uncle Duncan, who — “ for he 
was Ms sister’s son ” — ^treated him well, he tells us that 

. “ Ae nicht in his dreaming . . , . 

He saw three women bye ganging ; 

49—50 
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And they women, then thocht he 
Three weird sisters maist like to be. 

The first, he heard say (ganging bye), 

Lo ! yonder the Thane of Crombuwtye ! 

The other %voman said, again, 

Of Moray, yonder I see the Thane. 

The third then said — I see the king. 

Ail this he heard in his dreaming .... 

Soon after that, in his youthhead, 

Of these Tliaiiedoms he thane was made. 

Syne next he thought^ to be king .... 

The fantasye thus of his dream 

Moved him maist to slay his Eme [:=uncle]. 

Alle thus when his Eme was dead 
He succeeded in his stead, 

And seventeen winters full reignand 
As king he was in till Scotland. 

And he the devil was that him gat. 

He bade her (his mother) nought to be flayed of that, 
But said that here soniie should be 
A man of great state and bounty. 

And nae man should be born of wife 
Of power to reive him of his life. 

And when to rise he first began 
His Erne’s sonnds twa lawful then 
For doubt out of the country fled.” 

He then tells liow they were received courteously by Edward 
the Confessor ; how Macbeth, eager to build a great castle 
“upon the height of Dunsinane,” compelled his barons to 
supply free labour ; how Macduff rebelled, and aided by Ms 
wife’s connivance escaped to England; how he besought Mal- 
colm to assert , his rights, how Malcolm traduced himself to 
try Macduff’s good faith, and how Edward with love and 
good will 

‘‘ Bade the Lord of Northumberland, 

Sir Siward, to rise with all his might, 

In Malcolm’s help to win his right. 

Syne they heard that Macbeth aye 
In phantom-j^reiia had great fay, 

And truth held in such fantasy, 

Be that be trowed steadfastly, 

Never discomfited to be, 

Till with his eyne he should see 
The wood brought of Brinane 
To the hill of Dunsinane.” 


I northern university. Comparison of Ms statements with those 
of the “Scotochronicon” by John Fbrdun, continued by Walter 
Bower, the Register of the priory of St. Andrews, and, the 
Fcedera Anglim leads to the conclusion that he was as 
accurate in Ms history as he was animated in his verses. 

It is only by inference that we can make out the period 
at which Henry the Minstrel composed Ms Wallace epic, 
Buclmnan informs us that in 1524 he studied at St. Andrew’s 
under John Major, who was at that time in emtrema senectute. 
Major, however, still survived as provost of St. Salvator’s 
College in 1549. If we regard “ extreme old age,” gauged 
by a young man, to be somewhat more than “three score 
years and ten,” Major would seem to have lived to, at least, 
ninety-five. The date of Ms birth has not been ascertained, 
but this calculation would lead us to assign that event to 
1454. This aged historian says that “in the time of his 
infancy,” Henry, a man blind from his birth, composed a 
whole book concerning William Wallace, and collected those 
things which were told of Mm in common legends into 
vernacular rhyme, in which he w^as an adept— “ but I only 
in part give credit to traditionary tales : this author by the 
recitation of these stories in the presence of men of high 
rank obtained food and raiment, of which he was worthy.” 
Wliile therefore Major was under seven’ years of age, or about 
1460, Harry the Minstrel was, we may conclude, emplopd 
in reciting the doughty deeds of tlie valiant Sir William 
Wallace in the halls of the nobles and gentry of the reigns 
of James III. and James IV., the latter of whom, at least, 
bestowed occasional donations on the blind bard, as we learn 
from some of the treasurer’s accounts of 1492. The only 
MS. of Ms poem is dated 1488, and it seems to have been 
transcribed from his own recitation. Shortly after this 
period, Henry seems to have died. He was, at least, dead 
prior to 1608, when Dunbar names Mm in Ms “ Lament for 
the Makaris.” He describes himself as a huml othorel man, 
i.e, a poor common layman, though Ms knowledge of Latin, 
in that age, might have led to the Inference that he was a 
cleric. The minstrel lays claim to no originality in the 
matter of Ms song. The authorities on whom he relied for 
his facts were Mr. John Blair, “a worthy clerk both wise 
and right sage,” who had been a schoolfellow with and an 
adiierent of Wallace, and had lived 

“ Before in Paris tonne 

Among maisters in science and renoime. 

He was the man that principally undertook, 

1 That first compiled in dyt the Latine book 




Macbeth, aghast, saw this “flitting wood” and “took to flight.” Wallace’ lyfe, right famous of renoime, 

They chased him to the wood of Lumphanan. There he And Thomas Grey, parson of Libertoune, 
rallied, and remembering the charmed life he bore, announced stop all, 

his “ charmed life,” only to be told of the hopelessness of his 

case. Again, he says towards the conclusion of bis poetic narrative, 

Thus Macbeth slew they than u of Wallace’ lyfe, who has a further feil [—fulness of knowledge] 

In the wood of Lumphanan, show forth more with wit and eloquence; 

Md his head they struck off there, Por 1, to this, have done my diligence, 

them, from thence they bare After the proof given from the Latine book, 

J.*?, , where the king Whiik Maister Blair, in his time undertook 

' ' ■ , gam-come made biding. fair Latine compilled it till an end ; 

This is the “ original chronicle” of that story which Boethius ^Itn&ss the more is to commend. 

dignified with classical Latinity ; Buchanan, while thinking it Bishop Sinclair then Lord was of Dunkel ; 
itter for the stage than for a historic volume, set in language S ® 
rivalling that of Livys picW pages ; HolinsM enlarged 

and translated into English, and , the genius of Shakspeare His purpose was to have sent it to Rome, 

has dramatized m one of the grandest tragedies m any tongue. o^r Father of Kirk thereon to give his doom [^-judgment]. 

The last four books are devoted to Scotland. Though Wyn- But Maister Blair and als Sir Thomas Gray, 

toun interweaves a good many fabulous legends with his racy After Wallace, they lasted many a day. 

octosyllabic verse, he supplies, on the whole, a clear and trust- These two knew best of Sir William’s’' deed 

. worthy historical record of the main events of the home life From sixteen year while nine and twenty gaed ” [=went]. 

and foreign relations^ of North Britain. He speaks oi pre- The national fervour and patriotism of the Homer of Scot* 
cedingwnters— especially Barbour — ^with much respect ; often land is powerfully and beautifully expressed in the opening 
praises the gallantry of the English, and introduces into his fines — wMch, as a specimen of the language, we reproduce 
pages the results of a wide course of miscellaneous reading from John Ramsay’s MS. of 1488, as given in Moiris edition 
and of perusal of documentary evidence. His works are of con- of ScMr William Wallace for the Scottish Text Society. 

“Oar«i>teoesuouris,tbatwe8uldofre!de, 

pMltlon with that of conte^potapr Bnghsh wnters, tod to . And hold in myndo thar nobille worthi deid, 

estimate,^in some measure, -the . of schotesMp att^m> , , , ^ , We lat ourslide, throw wer . . 

i^ble in pCOtlandj, in ■ an; to^tbe'.^exi^nce M easris ws evir ,till nthir besynes. . , / ' ,,i . /t y 
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Till honour eiinymyis is omr baile entent, 

It has beyne seyne in thir tymys by went ; 

Oar aid eiinemys cnmrayn of Saxony s bind, 

That neuyr yeit to Scotland wuld do gud, 

Bot eulr on fors, and contrar haile thair will, 

Quhaw gret kindness thar has beyne kyth tbaim tiU. 

It is weyle knowyne on mony diners syde, 

How thai haff wrocht in to thair mychty pryde, 

To hald Scotiande at wndjT evirmar. 

Bot God abnff has maid thar mycht to par : 

Yhit we snld thynk on onr bears befor, 

Of thair parablys as now I say no mor.” 

This extract from the beginning of the third book will 
show the poetical form into which the blind minstrel could 
mould the language of tliat earlier time: — 

* la joyous Jnly, when the flower’s sweete 
Digestable, engendered thro’ the heate, 

Both hei'be and frnite, bash and bonghes braid 
Abnndantly in every slonk and slaid [= vale and plain] 

As bestial, their right course to endure 
Well helpdd are by working of Nature, 

On foot, and wings ascending to the height 
Conserved well by the Maker of might ; 

Fishes in flood, refecked royally [= prepared] 

Till mannds foode, the world should occupy. 

But Scotland so was wasted many a day, 

Through war such skaith, that labour was away. 

Victuals worthe scant or August could appear [= had become] 
Through all the land, that food was happened dear : 

But Englishmen, that riches wanted nane, | 

By carriage brought their victual full good main ; 

Stuffed houses with wine and good vernage [home-grown crops] 
Demanding this land as their own heritage ; 

The countiT wholly they ruled at their will, 

Messengers then such tidings brought them till ; 

And told Percy, that Wallace living were, 

Of his escape from their prison in Ayr.” 

Henry’s book is living and impassioned, with a good deal 
of improvisatorial roughness and make-rhyme; but still vigor- 
ously versified and boldly, even exaggeratedly, sensational. 
Through his eleven books swords flash, blood flows, blows 
fall, fight follows fight, death-dealing carnage appears every- 
where. He rejoices in slaughter and riots in the clangour of 
war. Of the stirring enthusiasm of the bard we can get no 
shorter specimen than the lines on the defeat of the English 
at Stirling Bridge. As the bridge yielded when the hosts 
crossed over it, and the fatal immersion overtook the English, 

“ A hideous cry amang the people rose, 

Both horse and men into the water fell. 

The hardy Scots that would no longer dwell [= delay] 

Set on the laive, with strokes sad and sair, 

Of them there owre, as then suflered they were. 

At the fore breist they proved hardily 
Wallace and Graham, Boyd, Ramsay, and Lundy ; 

All in the stowre fast fighting face to face, 

The Southron host back reared off that place, 

That they first took five acres broad and more 
Wallace on foot, a great sharp spear he bore ; 

Among the thickest of the press he gaes [= goes] 

On Kertinghame a stroke chosen he has, 

In the hurneis^ that polished was full bright [= cuirass] 

The pungent head, the plates pierced right, 

Through the body stick^d him — but rescue ; 

Dreadfully to death that chieftain was [= done] 

Both man and horse at that stroke he bore downe. 

The English host, which were in battle bound [■= engaged] 
Comfort they lost when their chieftain was slain, 

And' many a one to flee began, in plain. 

Yet worthy men ’bode still into the stede [= place] 

While ten thousand was brought on to their deade, 

Then fled the laive, and might no longer bide, 

Succour they sought on many divers side, 

Some east, some west, and some fled to the north, 

' Seven thousand large at once fioitered in Forth [= floundered] 
Plunged in the deep and drowned without mercye, 

None left in life of all that full me,nyU [= crowd] 

Of Wallace’ Rost no man was slain of vail [= value, rank] 

But Andrew Murray into that strong 6a^to^7e.” 

Blind Harry i^s invested the traditionary tales of the 
|>ea^nt^y regarding Wallace wight’^ with the living cbaim 


of enthusiastic admiration, and yet singularly enough a great 
many of the transactions narrated by him, which had come 
to be regarded as fictitious, have been authenticated — e,g. 
Wallace’s expedition into France — by recent discoveries. It 
may be granted that Henry the Minstrel was more patriot 
than poet; but the Scotch blood leaps in the veins of those 
who read his free and fine heroic couplets, in the use of 
wliich he was the first Scottish poet to follow Chaucer. 

James L, king of Scotland, the third son of Robert III. 
and Annabella Drummond, his wife, was born at Dunfermline, 
in July, 1394. His brother John had died in infancy, and 
David, the eldest son and heir to the crown was, as all readers 
of “The Fair Maid of Perth” will remember, put to a cruel 
death by his uncle, the Duke of Albany, in 1402. James, 
who thus, in his eighth year, became heir to the throne, was 
early placed under the tuition of Henry Wardlaw, founder 
of the, U niversity of St. Andrews. Fearing Albany’s treachery, 
Robert III. resolved to send his son to the court of Charles 
VI. for safety as well as for training. Sinclair, earl of. 
Orkney, and Sir David Fleming of Cumbernauld, in March, 

1405, took the prince to the Bass Rock, at the mouth of the 
Firth of Forth, whence, with Orkney and a few friends, 
James went on board a vessel bound for France. Fleming, 
while returning from the scene of the embarkation, was assas- 
sinated at Long-Hermandstone by Albany’s emissaries. At 
sea, off Flamborough Head, the ship which carried James 
was seized by John Jolyff, a mercliant-adventurer of the port 
of Clay. He was taken by his captors to the court of Henry 
IV., who sympathized with Albany. Orkney remonstrated 
in vain against his prince being, in time of truce, so seized. 
Henry jestingly stated that if he were only going to France 
to be educated, he could he as well taught in England as over 
the sea. James was conveyed to Pevensey Castle in Sussex, 
and put in charge of Sir John Pelham. He was trained with 
singular care, though retained as a prisoner. Robert III. 
died, it is said of grief, in Rothesay Castle, Bute, 4th April; 

1406. James was now king of Scotland, and Albany assumed 
the title of governor. Probably the governor’s interest in the 
personator of Richard 11. at the Scottish court was mainly 
influenced by a sort of mutual, though it may be tacit, under- 
standing that so long as James was kept safely in England, 
little trouble would cross the border on Richard’s account. 
Henry IV. died 1414. Henry V. had James immediately 
removed to the Tower, but when he went to assert his claims 
in France he carried James with him. James acted as chief 
mourner in the magnificent funeral procession with which the 
remains of Henry were brought from Vincennes to West- 
minster. The Duke of Bedford reponed James to captivity 
in Windsor Castle. Here, in May, he strove to school him- 
self with Boethius’ “ Consolations of Philosophy,” and began 
to lessen life’s listlessness by writing in rhyme after the 
fashion of Chaucer and Gower, both of whom he had learned 
to appreciate. Thus “The King’s Quhair” was begun, to 
beguile the weary hours, and with little other aim. 

He lay sleeplessly, reflecting on his wayward fate, read in 
search of philosophic calm, mused on the fickleness of fortune, 
and seems to have intended to compose a lament on his 
captive condition. He rose, went to the window, looked out, 
was delighted by the early morning’s beauty and sweetness. 
He translated the twitter of the birds into this verse : — 

“ Worschipp^ I ye that loveris beene, this May, 

For of your blisse the Kalends are begoniie, 

And sing with us, away, winter, away ! 

Gome, sommer, come, the sweete seasoun and sonne! 
Awake for scharae! that have your heavynesse wonne, 

And amorously lift up your headis all, 

Thank love, that list you to his merry call.’ 

This set, him to think of what love is, and why poets so 
sing of it. His thoughts thus turned received an answei 
speedily; for casting down his eyes into the garden, his 
“ wittis all were so overcome with pleasance and delyghte” at 
seeing “ a sweete face,” that he instantly exelaiii;ted. 

Ah I Sweete, are ye a worldly creature, 

Or heavenlie thing in likenesse of nature, 

Or are ye the god Cupid’s own princesse, 

And coming are to loose me out of bond— ‘ 

Or are ye very Nature, the goddesse, '■ ' • 
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That have depaintfid With your heavenlie hand 
This garden full of flowers as they stand ? 

What shall 1 think allase ! What reverence 
Shall I ministere to your excellence ? ” 

He instantly felt the power of her beauty, and knew that, 
captive as he was, he was again, and this time willingly, 
enthralled. He thus describes the peerless lady ;-« 

‘Of her array, the form gif I shall write 
Toward her golden haire and rich attire 
In fret-wise couched was with pearlis white 
And great halas lemming as the fire [= rubies shining] 
With many an emeranfa and faire sapphire ; 

And on her head a chaplet fresche of hue 
Of plumds parted red and white and blue. 

Full of quaking spankles bright as gold, 

Forged of schape like to the amorettes [= penny-cress] 

So new, so fresche, so pleasant to behold, 

The plumes eke like to the flower J onettes [St J ohn’s wort] 
And other of schape like to the round crochettes [knobs] 
And above all this, there was, well I wotte, 

Beauty enough to make a world to dote. 

About her neck, white as the faire amaille [= enamel] 

A goodlye cbayne of small or/evrerie [goldsmith’s work] 
Wherebye there hnng a ruble, without faille 
Like to an hertd schapen verilye, 

That, as a spaik of love, so wantonly 
Seemed burning upon her whit^ throte 
Now gif there was gude partye — God it wotte ! 

And for to walk that fresche Mayes’ morrow 
An huhe she had upon her tissue white [= clasp] 

That goodlidre had nought been seene beforawe, 

As I suppose; and girt she was a lyte 
Thus hakiyns loose for haste, to such delight 
It was to see her youth in goodlihoode 
That for rudeness, to speak thereof I dreade. 

In her was youth, beauty, with humble aport, ! 

Bounty, richesse, and womanly feature, | 

God better wotte, than my pen can report ; 

Wisdom, largesse, estate, and cunning sure 
In every point, so guided her measui'e 
In word, in deede, in schape, in countenance 
That natm*e might no more her childe advance.” 

This was Lady Joanna Beaufort, daughter of the Earl of 
j^omerset and Margaret Holland, whom afterwards—on 2nd 
February, 1424 — James married in the church of St. Mary 
Overies "(St. Saviour’s, Southwark), and received as her mar- 
riage portion a discharge for £10,000 of his ransom-money, 
which had been fixed by the Luke of Bedford at £40,000, 
payable in twelve half-yearly instalments. Thus the royal 
lover expresses his joy at the happy cliance which brought 
him a spouse — 

“ Thankit be the fair castle wall 

Where as I whilome looked forth and leant ; 

Thankit mot be the Saints Marchiall [= of the month of March] 
That me first causit hath this accident ; 

Thankit mot be the greene boughis bent 
Through whom and under, first fortuned me 
My heartis health and my comfort to be.” 

Of course success did not come to him all at once. He 
praised Yenus, he apostrophized the lady, saw her depart, 
was dull all day, dreamed all night; and in his dream was 
carried up to the palace of Yenus, who sends him, accom- 
panied by Good Hope, to Minerva, whose favour he gained. 
Suddenly, however, he finds himself on earth again, wander- 
ing in quest of fortune. On his way Good Hope befriended 
him and led him to Fortune’s castle, where she was superin- 
tending her wheel. He saw it wliirhng, and those who placed 
their feet upon its slippery spokes rising, falling, and being 
thrown off. She named him, put him on the wheel, and — ^he 
awakes. A turtle-dove brings him an encouraging messa-ge, 
and his delight is unbounded at his good fortune. He dedi- 
cates his “ little treatise, naked of eloquence,” 

“ Unto the impnis of my maisteris, dear [= scions, sons] 
Gowere and Chaucere, that on the steppes satt 
Of rhetorike, while they were living here, 

Superlative as poets laureate. 

In morality and eloquence ornate, 


I recommena my book in lines seven, 

And eke their souls into the blisse of heaven.” 

After an exile of nineteen years James entered his native 
land 1st April, 1424, and was, on 21st May, crowned at 
Scone. He was the ablest of the Stuart dynasty, and under 
his rale the internal affairs of Scotland were conducted with 
a vigour and a wisdom which had not previously been known. 
With Ms reign the first regular series of the statutes of the 
Scottish parliament may be said to begin. The stern sway 
he exercised in a land where turbulence was chronic secured 
enmity and excited to treasonable action. Though, for a 
time, he managed to maintain power and peace, at length 
the revengeful spirit of those who had suffered from Ms 
severity led to the formation of a conspiracy, and he was 
slain by a band of ruffians instigated by Sir Eobert Graham, 
on the evening of a festival held in Perth, in the monastery 
of the Black Friars, in 1437, in the forty-fourth year of his age. 

Two other poems of considerable length, and in a distinctly 
different style, have also been attributed by some autliors to 
James I.— “ Peebles to the Play,” and Christ’s Kirk on the 
Green.” These are both in the Scottish dialect; the former 
is a pla 3 fful poem descriptive of the humours of the festival 
of Beltane or May-day, at which rustic sports and pastimes 
were held amidst noisy signs of popular enjoyment, as these 
were performed at Peebles, on the borders of the Ettrick 
Forest; and the latter a burlesque narrative of the merry- 
making carried on at tiie Kirktown of Leslie, near Falkland 
in Fife, in the neighbourhood of the royal palace. George 
Bannatyne’s MS. of 1568 expressly assigns tlie latter to 
James I., and John Major appears to assign the former by 
quoting the two first words of it as a sufficient indication 
of the poem meant, which was assuredly widely-known and 
popular. If the one ascription is right the other is probably 
so, as the spirit, tone, and language of both are very much 
alike. Many critics, however, incline to regard James Y., 
“ the King of the Commons,” as more likely to be their 
author. It would be impossible to enter into minute matters 
of subtle disputation in the space at our disposal There 
: seems no real unlikelihood that a man of genius and versa- 
I tility of mind like James I. should be their author, wMle any 
! argument derived from their greater modernness of linguistic 
I forms is weakened by the fact that they are only known in a 
transcribed fonn, written nearly 120 years after that sove- 
reign’s tragic death. As it will afford opportunity for quoting 
a specimen stanza of “ Peebles to the Play,” we note the 
strong objection of J. Sibbald in his ‘‘ Glironicle of Scottish 
Poetry,” viz., that as short curches with little hudes^ such as 
are used in Flanders, England, and other countries, were in 
1457 commanded, in a sumptuary act, to be worn by “ the 
daughters of men living in burghs and of landwart,” the 
following verse could scarcely have been WTitten prior to that 
date as a scene in the real life of Scotland: — 

“ All the wenches of the west 
Were tip ere the cock crew ; 

For reeling there might nae man rest 
For garray and for glew ; 

Ane said my curches are not prest, 

Then answered BI eg full blew’, 

To get a hude I hold it best, 

By God’s soul that is true, 

Quoth she, 

Of Peebles to the Play.” 

It may be as well here to quote one stanza from “ Christ’s 
Kirk on the Green” as a companion picture: — 

“ To dance these damsellis them dight, 

These lasses light o’ laits^ [==manners] 

Their gloves were of the rae-fell right, [:=:doeskin] 

Their shoon were of the Straits, p.e. from Morocco] 

Their kirtles were of Lincoln light, 

Weel pressed with many plaits; 

They were so nice, when men them night [—came nigh] 

They squealed Bke ony gaiU [==goats] 

So loud, 

At Christ’s^ Kirk on the Green that day! ” 

. Eobert Henryson, " Scholemaister of Dunfermline,” was a 
poet conspicuous for simplicity of taste, felicity of language, 
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and fine fancy. He entered the University of Glasgow in 
1462, being then a licentiate and a bachelor. He speaks 
of himself in his chief work as “ane man of age,’^ and 
we know from Dunbar that he had died prior to 1508. 
His earliest productions in verse appear to be a rather 
pedagogical collection of thirteen fables, first published by 
Andro Hart in 1621 as “The Moral Fables of j3Esop vhe 
Phry^an, Gompyld into eloquent and ornamentall Meter. 
Hewlie revised and corrected.” They are ornately simple, 
archly amplified, replenished with political allusion, and 
elaborately moralized. A short sweet pastoral of his “Eobyn 
and Makyn ” has charmed the heart of the susceptible for 
upwards of three centuries. It is “silly soothe, and dallies 
with the innocence of love.” A maiden woos a youth, who 
rejects her; but by and by he is brought to feel the fateful 
pangs of an earnest suitor for her affection. The ballad is 
couched in sprightly rhyme in tliis fashion: — 

“ Robin sat on the gude green hill, 

Keepand a flock of Pee, 

When meriy Makyn said him till, 

0 Robin rew on me. 

I have thee loved baith loud and still 
These towmonths twa or three, 

My dale in dem but giff thou dill, 

Doubtless bot dreid I dee.” 

“The Abbey Walk” is solemn and impressive. “The 
Garment of Good Ladies” compares female ornaments with 
female virtues with long-drawn-out ingenious iteration. “The 
Bluidy Serk ” is a holy allegory of man’s body and soul, sin 
and the grave, Lucifer and the Saviour. “ Orpheus Kyng, 
and how he gaed to Heaven and to Hell to seeke his Queen,” 
is a thin, shadowy, somewhat feeble poem, representing “the 
part intellective of man’s soul in search of happiness,” as 
fabled in the legend of the Thracian king and Ms Eurydice. 
His masterpiece is “ The Testament of Creissid,” a sequel to 
Chaucer’s “ Troilus and Cresseyde,” in which the northern 
poet relates the punishment of the fair but false daughter of 
Calchas. Cupid announces it in these words: — 

“ Thus shalt thou go begging from house to house, 

With cup and clapper like a Lazarous.” 

This is the poem from which Shakspeare learned that 
“Cressida was a beggar” (“Twelfth Night,” iii. 1). The 
interview in which his “ sometime darling” begs from Troilus 
and is the recipient of a rich almesse from him — 

“And nevertheless not one the other knew,” 

is one of the most touchingly conceived incidents in the 
poetry of romance. 

Walter Kennedy, whom Gawin Douglas and Sir David 
Lindsay mention as among the greatest poets of their 
country, appears to have been a native of Canick, in Ayr — 
a younger son of the first Lord Kennedy — and to have 
belonged to the church. He asserts in the “Flyting of 
Dunbar and Kennedy ” that he has “ land, stores, and stacks,” 
“ coulter and plough,” “ substance and gear that he is “ of 
the king’s blood,” “his true especial Clerk,” “faithful in 
allegiance to him,” and lives in hope of even higher “guerdon, 
reward, and benefice” from Ms sovereign lord. In “Jock 
Up-a-land’s Complaint against the Court in the Nonage of 
James V.,” he supplies a sad view of the social state of 
Scotland in those days. Lord Hailes has preserved Ms 
“ Praise of Aige.” Ramsay supplies a copy of verses pur- 
porting to be Kennedy’s “Invective against Mouth-thank- 
fulness.” 

Of the personal history of William Dunbar the records are 
extremely scanty. Saltoun, in East Lothian, is sometimes 
given as Ms birthplace, and he is supposed to have been the 
grandson of Patrick Dunbar of Beil, the younger son of 
George, tenth earl of March. The possessions of the Dunbars 
were declared forfeit in the first parliament held by James I. 
at Perth, 10th June, 1434-35. This circumstance perhaps 
accounts for James I,’s exclusion from Ms “Lament.” Dun- 
bar, who was probably born about 1460, was early destined 
for the church. He was in 1475 a student in St. Andrews, 
and in 1479, as an M.A., became entitled to the designation 
Maut&r. As a novice on the order of St. Francis, he, under 


direction of the Grey Friars of Edinburgh, took a begging 
pilgrimage as a pardoner through the south of Scotland, the 
populous towns of England, crossed the Channel and taught 
in Picardy. But friar’s weeds did not suit him, and he 
became a hanger-on of the court, acting as a secretarial 
agent in several embassies to foreign states under James IV., 
and hunting for a benefice meanwhile. Here are two stanzas 
in wMch he very directly states his case: — 

“I knaw nocht how the Kirk is guydit, 

Bot benefices are nocht leill devydit; 

Some men has seven and I nocht ane — 

Quhilk to consider is a pain ! 

Great abbeys graith I will to gather 
Bot ane kirk scant covered with heather, 

For I of littel would be fain — 

Quhilk to consider is a pain 1 ” 

After 1500 his services were recognized by an annual pension 
of £10, subsequently raised to £20, then to £80. He had 
the rare good fortmie of having some of his poems printed in 
one of the earliest volumes issued from the Scottish press by 
Chepman and Millar. Sir David Lindsay speaks of him 
as dead in 1530. Sir Walter Scott regarded Mm as “the 
darling of the Scottish muses.” 

On the marriage of James IV. to the Princess Margaret 
of England, Dmibar celebrated that auspicious event in a 
fine poem entitled “ The Thistle and the Rose.” It is a boldly 
inventive emblematic poem, of much richness of fancy and 
beauty of language. As Dr. Langhorne says — 

“ In nervous strains Dunbar’s bold music flows, 

And Time still spares ‘ The Thistle and the Rose.”’ 

It begins with a picturesque passage descriptive of the 
appearance of nature in “lusty May that mother is of 
flowers,” who commands him to “ do observance ” to “ the 
rose of most pleasance.” Nature commands the elements to 
be propitious. Beast, bird, and flower are summoned to her 
presence and appear in “ the twinkleyn of ane e’e and first 
the real Scottish “Lyone, greatest of degree.” 

“ This awfnll heist full terrible was of cheer, 

Piercing of look and stout of countenance, 

Ryght strong of corps, of fashion fair hut fier[ce], 

Lusty of schape, lycht of deliverance, 

Red of his colour, as is the ruby glance *, 

On field of gold he stood full michtily, 

With fleur-de-lyse encircled lustily.” 

Nature ordained Mm “the King of Beists;” “syne crowned 
she the Eagle, King of Fbwls,” then “ the awful Thrissil 
she beheld,” and seeing him “ keepit (guarded) with a bunch 
of spears,” appointed him sovereign defender of the flowers, 
but commanding Inm to 

“ Hold none other flower in such daintye 
As the fresche Rose, of colour red and white. 


Considering that no flower is so perfyte, 

So full of virtue, pleasance, and delight, 

So rich in blissful and angelick beautye, 

Imperial birth, honour, and dignitye. 

Hail herbs Empresse, hail freschest Queen of flowers, 

To thee be glory and honour at alle hours.” 

“ The Golden Targe ” is a moral allegory, in which Cupid, 
Venus, youth, beauty, presence, dissimulation, homeliness, and 
danger, are among the characters who assail the poet’s pro- 
tector from the power of love. He is “ reason, with shield of 
gold so clear, in plate of mail, as Mars omnipotent.” All fail 
to pierce the golden targe which reason holds before him as 
a defence until “ presence cast ane powdr in his eyne.” Then 
reason begins to reel, danger hands the poet over to grief, 
Eolus blows Ms bugle, the winds rise, the persons of the 
dream-drama rush upon sMpboard, fire guns, and the poet 
awakes with the noise and terror to fii:d everything calm and 
beautiful “ in mirthful May.” 

His “Dance” [of the seven deadly sins] is a series of most 
graphic personations done in freehand with a few broad, 
telling, and effective strokes. In it, “ pryde, with bare wyld 
back and bonnet on syde” “Heillie narlottes” and priests 
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‘'with bare shaven necks Ire, accompanied with “boasters, 
braggers, and barganers ; enyy, flatterers and backbiters ; 
covetyse, root of all evil and grotmd of vice sloth (sweer- 
ness) full sleepy, but flogged into “a heat” by Belial; heresy 
led by idleness and “the foul monster gluttony,” and 
many '*a waistless wally drag with names unweildabie,” all 
dance before “Mahoiin.” These, however, with High- 
landers and Irishmen who took part in the sports, were so 
noisy that “he smored them with smoke.” “The Twa 
Married Women and the Widow,” in the old alliterative 
rhythm of the Anglo-Saxon poets, is a coarsely humorous 
satire on these three gay ladies. “The Flyting of Dunbar 
and Kennedy” is a witty word- warfare of most expressive 
vernacular outspokenness, and seems as if each had vented 
the vilest vocabulary he had at his rivafs character. It is 
a trial of skill in wicked waggery, and does not imply that 
they had hostile feelings towards each other. 

Dunbar’s poems are varied in form and matter, masculine, 
terse, original, and musical ; strong, distinct, pawkie, wicked, 
and wise. Some of his smaller pieces are songs of love, 
others holy hymns ; some are Horatian in humour, others 
hilariously Rabelaisian ; some are racy, others pathetic, and a 
number of them fall into Macaronic rhyme, a jocose intermix- 
ture of English and Latin often highly amusing. He has 
accomplished no great masterpiece, but many exquisite 
ncuniatures, and is in versatility and power a Scottish comrade 
for Chaucer. 

It is worth noting that at the end of “ The Golden Targe” 
he not only speaks of the language he uses as English, but 
of Iiimself as a disciple of Chaucer. 

“ 0 reverend Chancer, rose of rhetoric, alle 
As in our tongue a flower imperial 
That rose in Britayne ever, who readds right 
Thou bearest of Makkars the triumphs royal ; 

Thy fresh enamelled terms celestial 

This matter could illumined have full bright, 

Wast thou not of our English all the light 
Surmounting every tongue terrestrial 
As far as Maye's morrow does midnight.” 

Gawin Douglas, bishop of Dunkeld, on the other hand 
regarded himself as a follower of Barbour and the more 
national bards in a style which he endeavoured to enrich and 
elevate by an infusion of Latin and French into the native 
dialect of Lowland Scotland. His masterly translation of 
the JEneid (1513), the earliest metrical version of any ancient 
classic which appeared in either kingdom, he speaks of as 


Sir David Lindsay was first the tutor and afterwards the 
counsellor and favourite of the accomplished but unfortunate 
James V. He was born of the noble family of Lindsay of 
Byers, at the Mount near Cupar-Fife, and was educated at 
St. Andrews (1505-9). In 1512 he was appointed tutor to 
the prince, an office which he held for twelve years. His 
tales, plays, and other poetical productions, though not 
marked by high imaginative power, abound in broad humour, 
and display infinite variety of witty invention and satirical 
capacity. He infused a dash of merriment into the melan- 
choly life of the dismal days of pre-reformation Scotland. Many 
of the pithy passages of his poems have passed into popular 
proverbs. His chief productions are “The Dreme” (1528), 
in the Chaucerian metre; “ The Complaynt” (1529), and 
“The Complaint of the King’s Papingo” (peacock), 1530 — 
three moralizings upon the state and government of Scotland 
during the minorities of the hero of the fatal field of Fiodden, 
and of the King of the Commons. His play (or satire) of 
the “Three Estates” (1535) was performed, in the open air, 
before the king, queen, and court, at Cupar, Linlithgow, 
Perth, and Edinburgh, and is a most pungent exposure of 
the abuses introduced into government by king, nobles, and 
clergy. This extraordinary performance lasted a whole day, 
and is scathing, gross, po’^verful, and humorous. This, and 
“ Kitty’s Confession” (1541), contributed largely to the pro- 
gress of the reformation in Scotland. They were in fact, in 
the words of Sir Walter Scott, full of 
“ That satiric rage, 

Which bursting on the early stage, 

Branded the vices of the age, 

And broke the keys of Rome.” 

“ Squire Meldi’um”— the latest specimen of the metijcal 
romance — with a spice of Hudibrasticism in it, is founded on 
an incident in real life, which Pitscottie relates as having 
occurred about 1518, naming the cliief parties as William 
Meldrum, laird of Binns; Luke Stirling, nephew of the Laird 
of Keir; and Lady Gienaigles, daughter of Mr. Richard 
Lawsone of Humbie, provost of Edinburgh. “ The Monarchie” 
(1653), in “A Dialogue between Experience and a Courtier 
of the Miserable Estate of the World,” contrives to convey in 
rhyme a sort of philosophy of history, and to employ the 
story of the past for the instruction of his own age in the 
right principles of government. Other poems by Lindsay are 
an “ Answer to the King’s Flyting” — his part of a metrical 
scolding-match between himself and the royal poet, who (as 
he said in another place) 


“ Written in the language of the Scottish nation, 
Keeping no southern but our own language.” 


This is rather an echo of the political than of the poetical 
feeling of the time. Douglas was the third son of Archibald 
fifth earl of Angus. He was born at Brechin in 1474, was 
educated for the church, became rector of Hawick, 1496, 
provost of the Collegiate Church of St. Giles, Edinburgh, 
1509, abbot of Aberbrothock, 1514, and bishop of Dunkeld, 
1515, He was accused of treasonable complicity in bringing 
papal bulls into Scotland, and was imprisoned for a year in 
Edinburgh Castle. He escaped to England, was pensioned 
by Henry VIIL, died of the plague in London, 1522, and 
was interred in the Savoy Church. Before 1501 he had 
translated Ovid’s “ Remedy of Love ’’—not now extant ; his 
version of the .^neid, suggested by Henry first Lord Sinclair, 
was completed in eighteen months. It contains not only the 
Tirgilian books, hut the supplementary one composed by 
Mapheus Vigius. To each of the books a prologue is pre- 
fipd, and these contain some of the happiest products of 
his muse. His “ Palace of Honour ” — probably founded on 
the “Sejour d’Honneur” of Octavien de St. Gelais, is an 
allegorical poem on the vanity of earthly things, and on 
virtue as the true pathway to happiness. It is an early 
Pilgrim’s Progress. “ King Hart” is a long metaphor. The 
h^rt is the sovereign of life, and his court is the affections 
that move in it. Queen Pleasance acquires his favour, and he 
mames heri Age accompanied by conscience come to the 
court. The queen flies. Decrepitude attacks the king and. 
I^bunds hiih.. He makes his will and death vanquished him. I 
yr^ejintended.tO;influence Ja^es I¥. , . ’ “ - 






“Writes, in ornate style poetical, 

Quick, flowing verse of rhetorical colonrs, 

So freshly springing in your lusty flowers, 

To the great comfort, of all true Scotchmen;” 
“Complaint of Basche, the King’s Hound” — ^in which he 
inveighs against flattering favourites; “ Supplication against 
Syde Tails and Muzzled (Veiled) Faces” — a sumptuary satire; 
the “ Deploration of the Death of Queen Magdalene,” who 
had died 7th July, 1537, within forty days after her arrival 
in Scotland; and “ The Tragedy of Cardinal Beatoun, arch- 
bishop of St. Andrews, whereunto is joined the martyrdom of 
Maister George Wisbart” (1546), in which the ghost of the 
cardinal relates the chief events of his life, and the author 
makes him give reformation lessons to prelates and princes. 

In 1531 Lindsay was one of the ambassadors to the 
Netherlands for the concluding of a commercial treaty be- 
tween the two countries. On his return he married a lady of 
the family of the Douglases; he was ambassador to Germany 
to choose a wife for the king in 1535; be conducted the 
pageants connected with the arrival of Mary of Guise intc 
Scotland; he was member of Parliament for Cupar in 1544; 
ambassador to Denmark for help against the English in 1548, 
and died, after a few years of literary retirement, in 1558. 

In the prologue to his “ Complaint of the Papingo,” Lind- 
say names several contemporary poets: — 

“ Kidd in cunning and practice right prudent, 

And Stewart who desireth a stately style, 

Full ornate work^s daily does compile. 

Stewart of Lome will carp right curiously, 

Galbraith, Kinlpch, when they list them apply ' 
that art, are crafty in inpps” 
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These are ail unknown except mention of 

them. Lindsay also asks, 

“ Who can say more than Sir James Inglis says, 

In ballads, farces, and in pleasant plays ? ” 

Of these, however, there are no remains, and though the 
Abbot of Culross (murdered 1531) has had assigned to him 
“ The Complaint of Scotland,” there is no real proof of his 
authorship of it. 

Bannatyne’s MS. has preserved some verses said to be 
by Stewart, but it is impossible to determine to wliich of 
them they should be ascribed. Lindsay had as his companion 
in court life 

“ Ane cunning clerke which writeth craftily, 

A planete of poets called Ball entyne, 

Whose ornate writs my wits cannot define.” 

This was the Arclidean of Moray and Canon of Ross, trans- 
lator of Boethius’ history and chronicle of Scotland, to the 
cosmographical and historical parts of which he prefixed a 
proemium; the former is largely indebted to the choice of 
Hercules,” and the latter deals with the uses and study of 
history— a theme continued in his proemium to his version 
of Livy. He also proceeded to some extent with a metrical 
version of Boethius. 

Norval and Allan Watson are names which occur in Banna- 
tyne’s MS. Lord Hailes has published poems by Tethy, 
Fleming, and John Blyth. James V. was himself a poet 
—to whom the “ Jolly Beggar” and the “ Gaberlunzie Man ” 
have been ascribed, and, as has been already stated, both 

Christ’s Kirk on the Greene” and “Peebles to the Play” 
are sometimes attributed to the “ Gudeman of Baliengeich,” 
whose court was a haunt for the Scottish muse. It was an 
age in which passion raged and self-will ruled — when manners 
were wild and life was turbulent. Incident followed hard on 
incident, and gained the immortality of remembrance only 
when the pathos or heroism of events was told in the rapid 
rush of the poetry of the ballad. 


which fall, or, in old times, fell into the sea by numerous 
embouchures. The land of Egyp)t proper, from the head of 
the Delta, consisted of two narrow strips of land, one along 
the eastern bank of the most easterly branch of the river, 
which fell into the sea about Pelusium, nearly in longitude 
32|® east of Greenwich; the other along the western bank 
of the most westerly branch, which fell into the sea near 
Canopus, about longitude 30-|® east of Greenwich; and the 
Delta was included between these two. 

The written history of Egypt is compiled from books in 
languages which were not the native speech of the land 
— Greek and Hebrew. The , earliest Greek writer w^ho 
gives any account of it— for the incidental allusions in the 
Homeric poems can scarcely he taken into account — is 
Herodotus, who compiled his history several years after 
Egypt had become a Persian province. In the Hebrew 
writings we have a few notices of independent Egypt, but 
the most of them relate to the foreign operations of the 
Eg^^tian monarchs. Hone of them furnish us with adequate 
notions of the civil history of Egypt; and of these notices 
the majority relate to the period when Egypt was at least in 
the process of being conquered. So old is this land, that it 
had been a mighty kingdom, and had become a tributary 
province before the commencement of what may properly be 
called civil history. Its written annals consist of incidental 
notices, subservient to telling the story of another state, in 
Hebrew, and the embodiment of old and perplexed traditions 
in Greek. 

The earliest notice of the Egyptian state, that in the book 
of Genesis, represents it as monarchical. When Abraham 
first visited Egypt, about 1900 b.c., he found a Pharaoh 
ruling there. When Moses led the children of Israel out of 
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The land of Egypt, properly speaking, is the valley of the 
Hile, from the lowest cataract upon that river to the sea; 
^.e., it extends in length from about the twenty-fourth degree 
of northern latitude to a little north of the thirty-first. 
From the twenty-fourth degree, the latitude of Syene, to | 





Egyptian Mummy. 



Banks of the Nile. 


the thirtietii, the latitude of Cairo, or tlie apex of the Delta, 
the valley of the Nile is bounded by two nearly parallel 
ranges of hills, the utmost distance of which from each other 
never exceeds 24 geographical miles. From the thirtieth 
degree latitude the river splits into various branches, 


Egypt, nearly 1500 years b.o., he left a Pharaoh reigning 
there. We have no grounds wliich decide that these Pharaohs 
reigned over the whole of the tribes that dwelt by the waters 
of the Nile; but it is evident that their sway 
was pretty extensive, and that their pbople 
had made considerable progress In the arts. 
Joseph sent up waggons for his father. Tim 
sending up of these vehicles seems to imply 
that they were not then to be found in the 
land of Canaan. The sudden transition of 
Jacob from incredulity to the conviction that 
Ms son Joseph must be alive in Egypt, upon 
seeing the waggons, strongly expresses the 
rarity of their appearance out of that land. 
Joseph was set in a chariot, so that men had 
learned in those early days to use vehicles in 
Egypt for pomp and luxury as well as con- 
venience. The battle array in which Pharaoh 
set out to pursue the children of Israel, shows 
that chariots were used in his day to be applied 
in war as well as in peace. The number and 
?^^^an-ay of his forces, too, bespeak skill in war 
and extended dominion. The method adopted 
by the mother of Moses to hide her son indi- 
cates that the art of navigating the river had 
not advanced beyond what we find at this 
day on the Euphrates, floating rafts of reeds or bulrushes 
daubed with pitch. The pitch with which the frail bark 
of the future legislator of the Hebrews was daubed, oi 
pwfed (to use a technical phrase), implies perhaps two 
important facts; either (1) that the narrow valleys west 
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of the Hile were part of Pharaoh's realm, or (2) that the 
Egyptians could procure asphaltum from the ^ Bead Sea. 
A-lready had the Egyptians learned their peculiar mode of 
preparing the bodies of the dead, in which pitch was required. 
We read in the time of Moses of priests and magicians, and 
that legislator was instructed in “all the learning of the 
Egyptians.” The children of Israel acquired skill in Eg}q)t, 
of which their shepherd fathers, when they went down into 
that land, knew nothing. Bezaleel and Aholiab were' skilful 
artisans who could “ grave on stones,” one of the earliest arts 
that seems to have developed itself in Egypt. There can be 
no doubt that twenty centuries before the birth of Christ 
there were kings in the district of Egypt bordering upon 
Syria, and that sixteen centuries b.o. the Pharaohs of Mizraim 
held sway over a wide domain. Their people had also made 
considerable advances in the arts of agriculture, building, 
construction of vehicles, arms, and in priestcraft, which im- 
plied much other knowledge. 

The Egyptians next appear in the Hebrew annals where 
Solomon is mentioned as having married a daughter of 
Pharaoh of Egypt. This alliance seems to have been con- 
tracted in the early days of his power, and he reigned forty 
years. Towards the close of Solomon’s reign, Jeroboam, who 
afterwards ruled over the ten tribes, sought refuge froin the 
anger of Solomon with Shishak, king of Egypt. Shishak 
{SheshouJc\ four years after the death of Solomon, spoiled 
Jerusalem. It is highly probable that the wise king’s 
father-in-law was the predecessor of Shishak. As the first 
of a new dynasty he would be jealous of his powerful 
Jewish neighbour, son-in-law of the monarch he had 
dethroned. Shelter to a fugitive of whom this neigh- 
bour was jealous would be readily given, especially as there 
was a prophecy that that fugitive should succeed to the 
greater part of Solomon’s kingdom. He made war upon 
that neighbour’s comparatively powerless son and successor, 
Rehoboam, against whom he marched with a mighty army 
with cavalry and war-chariots. Bocheris was deposed and 
killed by the Ethiopian invader Shabak, to whom Hoshea, ! 
king of Israel, sent presents. Shabak took part in the 
league against Sargon of Assyria, and while Israel was 
subdued, the Egyptian partner lost Lower Egypt and the 
Delta. His successor Sabatok entered into a fresh alliance 
with Hezekiah against Assyria. Sennacherib marched against 
them, but was overwhelmingly vanquished. Esarhaddon, 
who succeeded, bent his whole strength to the subjugation 
of Egypt, and, having conquered the land, parted it into 
satrapies and distributed the rulersMp to military governors. 
Egypt frequently revolted, but was as repeatedly reduced. At 
length, as l^ineveh declined, Egypt put forth new efforts. 
Under Psammeticus, a native Egyptian prince who had 
married into the family of the reigning dynasty, a new policy 
was inaugurated. He opened Egypt to the Greeks, and 
their philosophers, with his leave, travelled and studied 
in the territories through which the Hile held its course. 
His son Heku II., the Pharaoh-neehoh of Scripture, was a 
brilliant warrior, and Josiah, king of Judah, was, in an 
invasion planned by him, overthrown and slain. His suc- 
cessors could not, however, hold the possessions he had 
secured. The Babylonian Hebucbadnezzar reconquered the 
territories he had won. Again the fortune of war was 
tried, and Amasis— with the aid of the Greeks — ^not only 
gained hack the kingdom, but extended its boundaries. He 
acquired Cyprus, made alliance with Croesus of Lydia against 
the Persians, and resolved on resisting the encroachments of 
that power. On his death Cambyses made a successful 
inroad, and in his most insulting mood triumphed over the 
weaker Psammenitus. Darius II. of Persia, more politic 
than his predecessor, introduced many beneficial changes into 
Egypt. Among other good works he constructed a canal 
between the Ifile and the Red Sea. Several successive 
tributary kings held the sceptre, but insurrections, plots, 
and treasons grew rife. Agesilaus, king of Sparta, served 
under one of these kings, with his troops, as a mercenary 
soldier, and aided in the conspiracy which resulted in placing 
Hectanebes on the throne. This was the last of the native 
prints. Artaxerxes IIL headed an expedition for the re- 
gaining of Egypt to the Persian monarchy, and was sub- 


cessful. Hectanebes fled to Ethiopia, and the dominion 
which had endured for thirty dynasties came to an end, and. 
as Ezekiel had foretold (xxx. 13), there was “ no more a 
prince in the land of Egypt.” Nor was there one until 
Alexander the Great appeared to drive the hordes of the 
Persian oppressors from the lands the Pharaohs had ruled. 

It is not easy to determine the precise era of the Sesostris 
of Herodotus and Strabo. Coincidences show him, however, 
to have been called Sescasis by Diodorus, and Setharis by 
Manetho. He was chief of the nineteenth dynasty. There- 
fore considerably prior to the attack of Shishak upon Jeru- 
salem, a king of Egypt was powerful enough to ravage— 
for it does not appear that he made any lasting conquest 
— ^the confines of Cilicia to the north, carrying home booty 
and captives. Collating backward the catalogue of Manetho, 
we find names which have been deciphered among the 
hieroglyphics; as, Minamon, the beloved of Ammon, of the 
eighteenth dynasty, and Thautlunesis, the founder of that 
dynasty. By the Egyptian chronology Thauthmesis must 
have commenced his reign b.o. 1874, i,e. he must have been 
contemporary with Abraham and Isaac. These dynasties 
are designated the Bubastic, the Diaspolita, &c., names 
derived from cities or districts in Egypt. They may have 
succeeded each other, according as the petty chiefs of any 
of the districts waxed sufficiently strong to throw off his 
subjection to the chief of some other districts who had 
previously lorded it over the others, and established himself 
in his stead. Thus the Pharaoh visited by Abraham, or his 
successor, being the first of a dynasty which took its designa- 
tion from Diospolis or Thebes, must have reigned over Upper 
as well as Lower Egypt. The frontiers of the kingdom, even 
at that early period, were exactly where they were under 
Psammeticus, whose reign commenced 662 b.o. The 
haughty monarch whom Joseph served must have ruled a 
land equally extensive. The sacred annals narrate a very 
important change in the constitution of Egypt, occasioned 
by the famine revealed to Pharaoh in the dream interpreted 
by Joseph. These points of time bring the age of the great 
conqueror Sesostris to a period not very remote from that of 
Moses; and it increases our sense of the wonders achieved 
by that servant of God, when we reflect that he and his 
nomadic tribe "were enabled to baffle the might of a monarch 
so powerful as the Pharaoh of Egypt must then have been. 

Returning to Sliishak, and tracing the catalogue of Egyp- 
tian sovereigns tmvards our own time, we come to the 
Ethiopian conquerors of Egypt, wfflo reigned from 732 to 
688 B.o. These cannot be viewed as kings of the Ethiopians 

■ — of all the Ethiopians. They were merely kingvS ruling over 
certain Ethiopian or Nubian tribes combined into one sta,te on 
the Upper Nile, as the Ethiopians of the Egy|.>tian union 
were on the Lower. Sesostris, at one time, turned his arms 
against the tribes living to the south of his dominions, 
and, favoured by their not being organized into one state, 
triumphed over them separately with ease. The lesson he 
taught these tribes was not lost upon them; and some cen- 
turies afterwards, a sufficient number of them, ranged 
under the banner of one king, retaliated upon Egypt, and 
subdued it. Egypt soon reasserted its independence, for in 
662 B.o. we find a native prince again reigning from Syene 
to the sea. The subsequent history of independent Egypt 
was an incessant struggle for ascendency between the Egyp- 
tians and the Ethiopians of the Upper Nile. The exhaustion 

■ resulting from this protracted strife probably made Egypt 
! fall so easily before the arms of Cambyses b.o. 525, when the 

sun of Egypt’s independence set for ever. Egypt, after its 
conquest by Cambyses, remained a Persian province, with 
brief and unimportant exceptions, down to the overthrow 
of that empire. The land was horribly treated by the 
Persians, but it soon had a liberator in the person of 
Alexander the Great. The Macedonian conquest was a real 
benefit to the distracted country. Alexandria was built, 
Greek learning restored to Egypt a thousandfold what she had 
before received. It was next erected into an independent 
kingdom, with a Greek dynasty, by Ptolemy Soter, in the 
year b.o. 323, and continued in the hands of his descendants 
for three centuries. These Ptolemies were Macedonian 
Greeks, whose ancestor Lagus had followed Alexander 
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througli all Ms campaigns, Ptolemy accompanied the Ma- 
cedonians into Egypt, and had obtained the government on 
the division of the Macedonian Empire, which took place on 
the conqueror’s death. He added to this satrapy Phoenicia 
and Gcele-Syria, and afterwards abdicated in favour of Ms 
youngest son. He is said to have founded the Museum 
and Library of Alexandria, was an able ruler, a patron of 
learned men, and a historian of the wars of Alexander, 
his father’s friend. Ptolemy Philadelphus engaged in many 
wars, made peace at length with Syria and with the Eomans, 
encouraged learning, and was an able administrator. Under 
him the Septuagint version of the Scriptures was made. His 
eldest son and successor, Euergetes, invaded Syria, reduced 
Mesopotamia, Babylonia, Siisiana, and some of the provinces 
of Upper India, and brought back with him the statues of 
the gods which Cambyses had carried away from the Egyp- 
tian temples. Philopator, his successor, sadly dimmed the 
fame of the Ptolemies. He began Ms reign with murder, 
continued it in luxury and vice, and shortened Ms life 
by Ms debauchery, leaving the kingdom to Ms son Epi- 
phanes, a child of five years old. The kings of Macedonia 
and Syria made a league, and resolved to divide his 
dominions between them. The Eomans interposed and 
commanded them to refrain from hostilities. Epiphanes 
married Cleopatra, daughter of Seleucus. The monarchy 
under him rapidly declined, and he was poisoned by his 
courtiers in his twenty-ninth year. His successor, Philo- 
meter, was also a child. His mother, Cleopatra, became 
regent, and made war against Syria. Antioehus defeated her 
army at Pelusium, advanced to Memphis, and seized the 
young king — through whom he hoped to rule Egypt at will. 
For a wMle he succeeded, but it being agreed that Philometer 
and his brother should rule together, Philometer escaped. 
Antioehus then assailed Alexandria, but was inMbited by the 
Eomans. After a time the brothers disagreed, and Euergetes 
IL expelled Philometer from the capital. He betook himself 
to Borne, was well received there, pleaded his cause before 
the senate, who appointed deputies to reinstate him in the 
sovereignty. His Syrian relations occupied much of his at- 
tention. He was fairly successful as a governor, and died as 
the result of a fail from his horse just in the hour of victory 
over Alexander Balas. Euergetes II, (Psychon) slew Ms 
nephew, who as Eupator had been proclaimed as his father’s 
successor, massacred many of Ms adherents, and reigned in 
Ms stead. He first married Cleopatra, his own sister and his 
brother’s widow. Afterwards he divorced her and married 
her daughter, his niece. An insurrection against Mm suc- 
ceeded, and he tied to Cyisrus, and Cleopatra, Ms sister, was 
declared queen. A revolt against Cleopatra led to his re- 
storation to the throne, wMch he occupied for twenty-nine 
years. He left his kingdom to be held jointly by Cleopatra 
and her son Soter II. (Lathyrus), After a conjoint rule of ten 
years, Cleopatra originated a rising against Mm, called Ms 
brother Alexander to be her colleague on the throne, and he 
abode in exile eighteen years. On Cleopatra’s assassination 
and Alexander’s expulsion, Lathyrus was recalled, and after 
quelling an insurrection in Thebes — wMch stood a three 
years’ siege — he reigned in tranquillity. His successor, 
Alexander II., was assassinated shortly after his accession, 
and Dionysius Auletes (the Elute-player), the illegitimate son 
of Lathyrus, was proclaimed by the Alexandrians. He sought 
the aid of Eome to ratify Ms title, and, at a great expense, 
obtained it. He was subsequently ignominiously expelled. 
The Eomans, through A. Gahienus, proconsul of Syria, re- 
stored him. After a reign of twenty-seven years he died, 
bequeathing his sceptre conjointly to Ptolemy Ms son and 
Cleopatra his daughter. After they had reigned together for 
three years, PotMnus, the prime minister, expelled Cleopatra, 
who took refuge in Syria, where she raised an army, and 
with it invaded Egypt. Broad-fronted Csesar,” pursuing 
Pompey from Pharsalia’s field, just at this juncture came to 
Egypt. She appealed to the lordly Eoman for help. He was 
fascinated by her charms, thought her a morsel fit for a 
monarch,” and won by her wooing, pledged Eome’s power to 
replace her on the throne. The young king’s guardians op- 
posed Caesar’s wish, and thus the Alexandrine War broke out. 
Caesar captured Ptolemy; he, however, managed to escape. 


Putting himself at the head of his Mends, he advanced 
against Caesar, was defeated, and when endeavouring to 
escape was drowned in the Nile. Caesar declared Ptolemy 
Auletes colleague in the sovereignty with Cleopatra, who, it 
would seem, carrying her son Caesarion with her, followed the 
mighty Julius to Eome. On her return after the assassina- 
tion of Caesar, she put her brother to death and wore the 
crown alone. On Antony’s becoming one of the triumvirs, he 
received Asia as Ms share of the Eoman government, met 
Cleopatra in Cilicia, followed her, a love-captive, to Egypt; 
and this afforded Octavius Cmsar (Augustus) the opportunity 
of crushing Ms rival At the sea-fight off Actium, Antony 
was defeated. He, with Cleopatra, fled to Alexandria, and 
there, under pressure of foes and the faithlessness of friends, 
Antony, having stabbed himself, died in Cleopatra’s arms, 
and she put an end to her life by the poison of an asp. Thus 
ended the dynasty of the Ptolemies. Egypt was incorporated 
into the Eoman Empire by Augustus b.o. 30. It remained 
a province of the Roman Empire down to the taking of 
Alexandria a . j >, 640. 

Under the empires of Assyria, Media, Persia, Greece, and 
Eome, the dominant power not only allowed the natives to 
retain their original mode of worsMp, hut frequently— either 
out of superstition, or a politic desire to ingratiate itself with 
its subjects — bowed and worshipped along with them. The 
recorded exception to this rule, in the case of Egypt, is Cam- 
byses; and Ms war with the shrines and idols of the land, 
although extensive and destructive in its effects, was attri- 
buted, even by his own followers, to madness. Many of the 
most costly structures of Egypt were probably reared during 
the period which intervenes between the conquest of Egypt 
by Cambyses and the establishment of Christianity in Alex- 
andria as the dominant religion early in the second century. 

Let us pause and look back. Our authority is a 
catalogue of Egyptian monarchs which an Egyptian priest 
professed to extract from the hieroglypMc records of Ms 
country. The progress made in Meroglyphic literature has 
enabled us to recognize many of these names, thus far 
corroborating the assertion of Manetho. Light is occasion- 
ally thrown upon this dry catalogue from the narratives of 
contemporary Hebrews, and of Greeks of a later age who 
busied themselves about antiquarian lore. It is not much 
that we can glean from such scanty sources. This, however, 
seems established with tolerable certainty, that from the 
beginning of the twentieth century down to 525 b.o. Egypt — 
that is, the valley of the Nile below the lower cataract — was 
organized into one state; that that state was monarcMcai; 
that it was (with a few brief intervals) independent of foreign 
domination; that its monarchs more than once led their sub- 
jects upon warlike excursions on a great scale and with 
success, although they left no permanent settlement behind 
them. These foreign wars seem to have been confined to 
Syria proper, the shores of the Bed Sea, and the Upper Nile. 

All the Egyptians were Ethiopians. They were, at least 
to a certain extent, self-governed, each district within itseK. 
The peculiarity of their land — the periodical inundation of 
the Nile — was calculated to teach them the art and advan- 
tages of co-operation on a large scale at an earlier period 
than other nations. To render its fertilizing tendencies fully 
available, to prevent the damage its unwieldy kindness might 
do, works were required wiiich could only be constructed by 
the joint labour of myriads. Hence the forgotten origin of 
the nilometers at Syene and Memphis. Some of the most 
obviously ancient structures of the Nile are the colossal 
causeways running from the river brink to the mountains. 
But of their erection, as of the digging of the first irrigating 
canal, tradition is silent. The constructing of such works 
required and familiarized men with organized exertion. Thus 
arose the central cities with their surrounding territories. 
And once united for such a purpose — which year after year 
brought them all together just at the moment when the 
swelling of the river left them for a time in search of 
pleasure to fill up the hours of indolence — the idea of a 
central place of resort, where the labyrinth was afterwards 
reared, was most natural. There they spent the hours in 
feasting till the time of labour again returned. There the 
thoughtful endeavoured to lead their minds to a sense of 
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gratitude to the Great Invisible, and sought to impress 
opinions which might render men more amenable to authority. 
There the knotty points of law, which had puzzled the collec* 



Thebes. 

tive wisdom of a district, were submitted to the sages of 
assembled Egypt. Thus were the Ethiopians of Egypt, the 
dwehers^m Mizraim, taught to feel that they were one. 

Herodotus mentions the temple of Helio- 
polis as existing in his day, such as it had 
been left hy the devastations of Gambyses — 
shorn of its splendour. He speaks similarly 
of Thebes; of Memphis with its adjacent 
pyramids; and of Lake Moeris, with the 
structures around it, as works of the oidinde- 

The Horus. 


Living of Men, 
Pharaoh. 




ObeUsk. 


Sun Presented to the World. 

Lord of Upper and Lower Egypt. 
The Living of Men. 

Son of the Sun. 

Usurtesen. 

Lord of Spirits in Pone. 

Ever-living. 

Life of Men. 

Resplendent Horus. 

Good God. 

Sun Presented to the World. 

Who has begun the 

Celebration of his two Assemblies 
to his Creator. 

Life-giver for ever. 


^ Pendent Bgypf. Three or four hundred years later, StrabO; who 


most undoubted antiquity. Herodotus speaks of them as 
shattered by the frantic excesses of Cambyses; Strabo points 
to them as having sunk, since that time, by an insensible 
decay, while other temples and other cities 
were flourishing around them. 

Heliopolis-— in the vicinity of Cairo, at some 
distance from the eastern Imnk of the eastern 
branch of the Nile, and northward of the 
termination of the range of hills which from 
Syene bounds the valley of the Kile on the 
east — was adorned with some of the most 
splendid temples in Egypt. Of these scarcely 
a ruin remains on the site of their ancient 
splendour. Its priests were celebrated for 
their learning. Heliopolis was visited by 
strangers for the purpose of profiting by their 
instructions. The largest of its temples was 
adorned with an avenue of sphinxes, and with 
several obelisks. 

An obelisk covered with hieroglyphics— a 
genuine remnant of the independent era of 
Egyptian history — is shown in the accompany- 
ing illustration. It is connected with the 
Usurtesens of the sixteenth dynasty. Being 
in the city of the sun, it is dedicated to Phre, the sun-god. 

Athanasius calls the Coptic dialect spoken in Egypt below 
the Thebaid, and without the Delta, the Coptic of Mizr, and 
Mizraim is the Hebrew name for Egypt. The Egyptian city 
designated Heliopolis, in the Septuagint version of the prophet 
Jeremiah, is called On in the Hebrew; and Pharaoh is said, 
in the book of Genesis, to have given Joseph the daughter of 
the priest of On to "wife. 

Memphis was situated 22^ miles above the apex of th^ 
Delta, on the western shore of the Kile. Here was a temple, 
dedicated to a divinity whom the Greeks called Hephaistion. 
Homer and Strabo mention the avenue of sphinxes which led 
to this as to every Egyptian temple. Both mention the 
pyramids. The pyramids are there, but we look in vain for 
the city of Memphis. Of it there is not left a trace. One 
solitary sphinx of the long colossal avenue remains. The 
desert sand, which has already overwhelmed On or Heliopolis, 
seems to gain year after year. The three pyramids of Djizzeh 
and the Sphinx are monuments of old independent Egypt. 

In the uppermost of the two Arsinoitic nomes there is a 
gap in the range of mountains which runs along the western 
or African side of the valley of the Nile. Here we are told 
was a lake called Moeris, of prodigious extent, and, according 
to the Greek writers, artificial. Temples are mentioned as 
existing on its banks. But the most important structure 
described as existing there was the labyrinth. Herodotus 
speaks of it as one of the unquestionable relics of old Egypt. 
It was a structure of stone, supported by pillars and roofed 
with stone. It contained as many halls as there were dis- 
tricts in Egypt, all communicating with each other, and was 
the resort, at certain seasons for common purposes, of dele- 
gated authorities from all those districts. 

The next locality to be mentioned is Thebes — the hundred- 
gated city — the fame of which had reached Greece even in 
the early days of the Homer of the Iliad. The city extended 
in len^h and breadth 10 miles either way, and it stood on 
both sides of the river. On one side of the Nile stood some 
temples, on the other the Memnon and the remains of two 
colossal statues, while the inhabitants dwelt around them in 
villages. The tombs of the kings in the mountain-glen 
behind the Memnonium are there to this day. These also 
are genuine relics of old Egypt. So are the temples of 
Luxor and Karnak on the eastern bank of the Nile, the 
Memnonium and the more than colossal statues near it, and 
the ruins of Edfu, the Apollonopolis Magna of the Greeks, 
standing on the western side of the river Nile, about 2 miles 
from the water’s edge. The sculptures here are executed in 
the most perfect style of Egyptian art; and none of the 
remains in Egypt give a juster notion of the distribution of 
their temples. 

Towards Nubia, just before reaching the cataracts of the 
Nile, at a small island (called by the ancients Elephantina), 
t. — X 1 _ xi. . of the tawn^ rimr^ BTf ^ 





HISTORY. 


39d 


the remains of two temples, covered, like most of the public 
buiidings in Egypt, with hieroglyphics, hut approaching in 
their form and plan to the earliest temples of Greece. Still 
more celebrated for its ruins is another small island, above 
the cataracts, and occupying almost the southern frontier of 


Egypt, where the river emerges from Nubia, Here we find 
the island of Philas, about 6 miles to the south of Syene, 
and nearly 34 to the north of the Tropic of Cancer. The 
whole of this island, with an area of barely 900 yards in 
circumference and 100 in breadth, is covered with temples 
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In the largest groups and highest state of preservation. This 
magnificent Iona of the “ land of the Nile,” which preserves 
these august remains hal- 
lowed by a “dim religious 
light,” is of very remote 
antiqxdty. Those strange 
old structures stand in 
sublime grandeur, bearing, 
written around them, in 
the mysterious hierogly- 
phic tracery engraved on 
the walls, their own chron- 
icles; yet in characters so 
ancient and abstruse, that 
only within recent years 
has the key been found 
to interpret the profouni' 
secrets of these sealed and 
rilent symbols. Jeziret-el- 
birba, the Temple Island, 
is really an island of tem- 
ples built of bright sand- 
stone. The cliffs of the 
island itself are of dark 
granite, finely contrast- 
ing with the mass of ruined 
structures resting upon 
them. Nearly the whole 
island is cased with walls' 
of hewn stone. It was 
believed to have been the 
burial-place of Osiris, and ^ ^ j • 

one of the magnificent temples with which the island is 
^oi:ned is said to have been built by Isis in honour of her 
/Itobandi * T3ie small temple of Isis is on the right, and 


southernmost of all is the great temple of Isis, in front of 
which are two colonnades, with as many obelisks and pylons, 
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or portals, of huge dimensions. Near the small temple oi 
Isis is an isolated, unfinished building, supposed to have been 
erected for the worship of the same deity. Near the waters 
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edge, at some distance from these temples, is a large hall, the 
walls of which are covered with sculptures relating to the 
death of Osiris; and on the left of the great temple of Isis 
there is an unfinished temple, and before it lay a small 
obelisk of gramite, little injured, and covered with hiero- 
glyphics, besides a G-reek inscription. The latter bears to be 
a petition from the priests of Isis at Philse, to Ptolemy 
Euergetes IL, in 125 or 126 b.o., praying that monarch to 
release them from the exactions of the military officers and 
magistrates stationed in the Thebaid, and to allow them to 
erect an obelisk in commemoration of his beneficence in 
gmnting this request. The fact that the obelisk exists, not 
only shows that the request had been granted, but also that 
Ptolemy had his reward in the commemoration of his name 
in connection with this act of beneficence to a distant day. 
The obelisk at Heliopolis, the three pyramids at Djizzeh, and 
the neighbouring Sphinx, the remains in the ArsinSitic nome, 


and the temples, statues, and tombs at Thebes, these are the 
landmarks that rise in the almost trackless waste of Egyptian 
history to guide the inquirer’s path. By their aid, with a 
critical investigation of what is written in Greek and Hebrew 
annals, aided by the light the recent discoveries in hiero- 
glyphical literature throw upon the subject, and the Greek 
translations found in some of the papyri, we reconstruct in 
fancy the history of civil society as it existed in independent 
Egypt. 

The age of the Pharaohs is the earliest discernible era 
of Egyptian civilimtion. All around was darlmess and 
barbarism then. Upon the land of Egypt alone the day- 
star of human progress had begun to shine. How they came 
j&rst to acknowledge a common head — by conquest or election 
— or how far his authority extended, it were vain to con- 
jecture. The authority of Pharaoh beyond his own district 
might be very limited. It was easy, therefore, for the 
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ambitious ruler of another, as that other grew in power, to 
subvert his ascendency. 

One most important step in the progress of the monarchy 
is recorded in the Book of Genesis. On the occasion of the 
seven years’ famine Joseph availed himself of the huge 
stores of grain in the royal granaries to purchase up the fee 
of the land from all except the priests. The effect of this 
was twofold : — (1) Pharaoh, now become a feudal monarch, 
was more powerful; (2) the priests — the only holders of 
allodial property — ^remained in worldly matters nearly on a 
footing of parity with the sovereign, while they possessed a 
yet stronger hold upon the superstitions of the people. Hero- 
dotus divides the Egyptians into priests, warriors, and hus- 
bandmen or artificers. 

The power accumulated in the hands of the monarch ex- 
plains his greater facilities for aggression ; and the booty and 
daves he carried home would increase his strength, and 
enable him to play freaks of power, the monuments of which 
still survive. With the exception of the Nilometer, the 
causeways, and canals of irrigation, all the works of ancient 
Egypt are either temples, or palaces, or sepulchral monu- 
ments, to feed the pride of kings. Whatever of art and 
science was known to the Egyptians was made tributary to the 


purposes of the king or the priest. The husbandman tilled 
the king’s land for a portion of the harvest, or the priest’s 
for what he could get. In their patient and unambitious 
toil, the hordes of slaves, the produce of external wars, co- 
operated, and thus the land was cultivated like a garden, 
and studded with those monuments which still excite our 
amazement. The sculptor and the painter worked under the 
direction of the priest, chiefly upon funeral and monumental, 
or sacrificial objects. The meanly servile condition of all 
who were not of royal blood, or priests, or of the warrior 
facilitated the development of a multiplicity of castes^ 
the son being mechanically bound to take to the business 
of the father. But man withered amid such institutions. 

The priests knew the art of awing the vulgar mind. The 
obelisks are theirs. The columns of the temples of Luxor and 
Karnak are rains in the first conception of what was after- 
wards idealized by the Greeks. The pyramids, with their 
substantial masonry, are theirs. These, in addition to the 
mere faculty of constructivtuess, indicate a sense of the 
grandeur of colossal symmetry. Herodotus tells us that only 
two deities — Isis and Osiris— were worshipped by all the 
Egyptians: Strabo that the sacred bull might be seen in 
every city, but that there were only three deified bulls, those 
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of Memphis, Heliopater, and Thebes. The multiplicity of 
gods dates from the conquest of Egypt 

Among the priestly or learned class there arose land- 
measuring, sculpture, and architecture, the rudiments of law 
and of the art of writing. We possess papyri traced with 
characters of aWt the time of Manasseh in Israel, and 
long prior to the MSS. of any other nation that have come 
down to us. 

Our purpose in endeavouring thus to trace the domestic 
institutions of the Egyptians, is to enable us to guess at their 
condition under the later monarchies. These governments 
were contented with using the royal tribute and the warlike 
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force of Egypt for their own purposes. They did not interfere 
with any of the other state arrangements. They left the 
laws and religion of the Egyptians much as they found them. 
Some monarchs sought to conciliate the priests, enhancing 
their wealth and the splendour of their rites. But the great 
community continued to dwindle. The tiuditions which 
Herodotus picked up, show us a nation fast sinking into the 
very senile helplessness of an effete race, and the records we 
have from the B-omans show us the continuous decline of a 
people of an unenterprising and unprogressive character. 


GEOGKAPHY.~«CHAPTEE VI 

THE GEOGEAPHY OP EUBOPB (continued) — CLIMATE — NATU- 
RAL HISTORY — BOTANY — MINERALOGY — RACES OP MEN— 
RELIGION. 

Climate. — The northern countries of Europe lie, for the most 
part, above the fifty-fifth degree of lat. ; here the climate 
is cold towards the north and temperate towards the south. 
The middle countries of Europe he between the forty-fifth 
and the fifty-fifth degree of N. lat. ; in this region the chmate 
is temperate towards the north and warm towards the south. 
The southern countries of Europe lie to the south of the 
forty-fifth degree of N. lat.; and here the climate is warm 
towards the north and hot towards the south. 

The climate of Europe, except towards the upper ex- 
tremity of the continent, is more agreeable dnd better adapted 
to the development of the physical and intellectual faculties 
of man, than any qf the other divisions of the globe. It is 
little exposed to those extremes of heat and cold which are 
so common in most other regions. This may be attributed to 
the circumstance of its being surrounded on almost every side 
by seas whose water is warmer than that of the ocean at 
large. The western coast of Europe, for example, is much 
wanner than the eastern coast of America under the same 


latitude — ^the difference of temperature in some parts being 
equal to 10 degrees of latitude. 

In the northern countries of Europe only two seasons, sum- 
mer and winter, occur — the summer lastingabout three months, 
and the winter nearly nine months. Spring and autumn can 
scarcely be said to be known; they only comprehend a few 
days, and never more than two weeks. The vegetation is 
inconceivably rapid, and the heat of the summer very great. 
The winter is severe and boisterous, the ground being covered 
with an immense quantity of snow for a long period. 

In the middle countries of Europe, the four seasons — spring, 
summer, autumn, and winter — are distinct, the one passing 
into the other by very gradual transitions. The extremes of 
heat and cold which are prevalent in the northern countries 
are here but little felt, the cold being much less severe in 
winter, and the heat less intense during the sumnser. 

In the southern countries of Europe frost and snow are of 
rare occurrence; vegetation is therefore but little interrupted 
during winter. They are subject, however, to great and con- 
tinued droughts for four, five, and, in some places, occasionally 
eight or nine months during summer, and to abundant rains 
during the last three months of the year. 

Natural History : Animals. — Owing to its more tem- 
perate and colder climate, and the extent to which its surface 
has been brought under the power of man, Europe contains 
far fewer wild animals than any of the other great divisions 
of the globe. The bear, the wolf, and the wild hoar — once 
common in Britain and many other nations— have been in a 
great measure extirpated. The wMte bear is now confined 
to the polar regions; the brown bear, the wolf, and the wild 
boar to the high mountain ranges and the wooded districts of 
Europe. The elk and reindeer are found only in the extreme 
north. The red deer and roebuck exist in some of the central 
countries. The saiga, an antelope, roams the plains of Poland 
and Eussia. The chamois or wild goat, and the ibex or 
bouquetin, are found in the Alpine regions of the south. The 
wild cat, a ferocious animal, is still common in many parts of 
Europe. The other wild animals are the lynx, a prowler in 
' the south of Europe; the fox — in different varieties — dis- 
tributed over the whole continent; and the common glutton 
or wolverine, a native of Denmark. Twenty-seven species of 
bats are reckoned to be European. The beaver, the porcu- 
pine, the flying squirrel, the hamster, and the marmot, are 
sparingly found in Europe; but rats and mice are very com- 
mon. The two quadrupeds, ibex and musmon, are nearly 
extinct; the first supposed to be the original goat, the second 
the original sheep. The only quadrumanous animal in Europe 
is the Barbary ape, found on the Eock of Gibraltar. 

The number of wild mammalia at present met with in 
Europe is only about 150 species; this includes twenty- eight 
of the whale and eight of the seal tribe. The number of 
land animals is thus reduced to 114, a very insignificant 
number compared with those found in the other great con- 
tinents. Even of this small number only forty-four are now 
peculiar to Europe; the other seventy are found out of it, 
most of them being common also to Asia. 

The domestic animals, the horse, ass, mule, ox, sheep, goat, 
dog, cat, &c., are too well known to require more than a simple 
mention. 

Birrs. — ^The birds of Europe are far more numerous than 
its mammalia. Upwards of 400 species are set down by 
naturalists as regular inhabitants, besides a number of occa- 
sional viritants. In the northern regions, where animal life 
of every kind is sparse, the species of birds are comparatively 
few, and most of them belong to the swimming and wading 
orders. The Arctic regions are peculiarly congenial to their 
subsistence and increase, and there they exist in immense num- 
bers. Southward, where the climate is warmer, and a more 
luxurious vegetation is found, more abundant food exists for 
the support of the feathered tribes; accordingly, we find the 
species of birds living on insects and the produce of the earth 
very much increased in number and variety. 

The birds of Europe, however, want the splendour and 
brilliancy of plumage wliich is such a remarkable peculiarity 
of the birds of tropical climates. In many instances this 
deficiency is more than counterbalanced by the sweetness of 
their song. The nightingale, the most melodious bird in the 
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world, though not exclusively confined to Europe, is common 
in England and many parts of the continent. The red grouse 
is regarded as the only bird peculiar to Great Britain. 

As we approach the southern limit of the continent, we 
would expect to find the characters of the birds assimilated to 
those of Africa and Asia; and this is actually the case. On 


is almost the only example of a venomous one. Many small 
lizards, and two species of turtle— the coriaceous and the 
loggerhead — are known. The .strange amphibious reptile 
called the Froteiis migwimis is found in the subterranean 
lakes, in the limestone caverns of Carniola. 

Insects. — There are an immense number of annulose or 
articulate animals in this continent. Among the more 
troublesome varieties are the scorpion in Sicily, the gnat and 
the mosquito in Sweden, &c., during the summer months. 
The cantharis or blistering fly is native to the south of 
Europe. 

Fish. — Many of the fish which frequent tiie shores of 
Europe are very important in a commercial and economic 



,,the shores of the Mediterranean there is a reunion of the 
;:omi1diology of Europe, Asia, and Africa. Beauty of plumage 
ars in the bright rosy wings of the walhcreeper in Italy, 

, ' and the golden oriole in Sicily. 

are but ,few,,reptiles, m Europe, anA. 

/ :Wsefe#thepa%;partate^ar^ess,;^ forty-three of lat. 


point of view. Their capture and preparation employ a great 
number of men, and they occupy a prominent place as articles 
of diet. The whale, the walrus, seal, dec., inhabit the northern 
seas; the anchovy and tunny abound in the Mediterranean; 
and the salmon, cod, ling, herring, haddock, &c., are plentiful 
in almost all the seas of Europe. 

Botany of Europe. — If we divide the space included be- 
tween the equator and north pole into seven botanical regions, 
according to the mean annual temperature, it will be found 
that the first or equatorial region is that of the spices; the 

second, of the sugar- 
cane and coffee-tree; 
the third, of the fig 
and the olive; the 
fourth, of the wine- 
grape; the fifth, of the 
oak and wheat; the 
sixth, of the fir, pine,' 
and birch; and the 
seventh, of the alpine 
^ shrubs, lichens, and 
mosses. Itmust, how- 
^ever, be remembered, 
that these regions are 
not exclusively occu- 
pied by the vegetable 
productions we have 
* enumerated; nor are 
these productions con- 
fined to these parti- 
cular regions. They 
have usually a border territory which they occupy in common. 

The warm regions in the south of Europe are occupied by 
the fig, the olive, the orange, maize, Guinea com, the sugar- 
cane, rice, the American aloe, the caster-oil plant, the vine, the . 
and the prickly pear. ■ , 
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in the vegetation occurs; the tropical forms of plants dis- 
appear or become uncommon. Still more to the north, the 
vine gives place to broad plains of wheat and other species of 
grain. There, too, we enter the fifth zone of vegetation — that 
of the oak and the wheat. Besides the oak, Europe has an 
abundance of elms, limes, ashes, alders, beeches, willows, 
and poplars, with a richness of grass and herbage quite un- 
known in the lands of olives, figs, and myrtles. The next 
region is that of the fir, the pine, and the birch. It produces 
also the principal portion of the food of the inhabitants — oats, 
barley, rye, and a few potatoes. Its fruits are apples, pears,, 
nuts, gooseberries, strawberries, &c. In the frozen and polar 
region we have a very sparing vegetation, consisting chiefly 
of alpine shrubs, lichens, and mosses. 

Minerals.— Gold, silver, platinum, and precious stones are 
found in various countries of Europe. Russia supplies the 
greater part of the gold, the platinum, and the precious stones, 
the remainder being furnished by Austria, Transylvania, and 
Saxony. Silver also occurs in small quantities in Hanover, 
Turkey, Prussia, England, France, &c. 

Europe cannot vie with other regions in its produce of the 
precious metals; she possesses in abundance minerals far more 
useful to man, and much more contributory to wealth than 
gold, silver, and precious stones. Her iron, lead, copper, tin, 
quicksilver, coal, salt, &c., have done more to advance civili- 
zation than all the precious metals of the world put together. 

Peoduotions. — The following table gives a general view of 
the chief productions and exports of the different countries 
of Europe: — 


Productions and Exports, 

r Cottons, woollens, linens, and Jute ; iron, 
.*< steel, earthenware, glass, machinery, 
( and coal. 


Great Britain, • . 

J Wines, brandy, silk (raw and manufac- 
. . . • * . . tured), woollens, leather, sugar, eggs. 

Spain and Portugal, . 

Belgium and Holland, 


(Wines, raisins, and fruits; lead, copper, 
*1 and iron ore. 

j Coal, iron, linen, lace, butter, cheese, corn, 
‘1 geneva, flax, and woollen manufacture. 
(Textiles, iron, steel, metal goods, ma- 
Germany, . chinery, sugar, wines, coal, ^c. 

Denmark,. • . . , . , Corn, butter, and live stock. 

Norway, , , . ... , Timber, turpentine, fish, and ice. 

Sweden, Timber, iron, and corn. 

( Tallow, 'corn, flax, hemp, flaxseed, timber, 

* *t tar, bristles, and wool. 

Austria, . . . , ... Corn, flour, and wine. 

f Cotton and silk manufactures, watches, 
bwitzerlano, . . . . . A straw hats, machinery. 

f Silk (raw and manufactured), oils, spirits, 

Italy ,4 lemons, oranges, wine, shumac, cheese, 

( sulphur, and chemicals. 

S Com, raisms, currants, raw silk, oil, wool 
Turkey and Greece, . . and goats' hair, opiuih,ValoniacuiTant8. 

Races op Men. — Man has been divided by ethnologists 
into four races or types: — (1) Caucasian, (2) Mongolian, (3) 
Ethiopian, and (4) Malay. 

Nearly the whole of the inhabitants of Europe belong to 
the Caucasian variety; but along the borders of Asia, and 
towards the northern extremity of the continent, a few nations 
occur which belong to the Mongolian type; to these must be 
added the Magyars, who inhabit Hungary, in the centre of 
Europe. 

If we adopt a division of the Caucasian race based on 
language, there will be three great branches and several 
smaller ones.- The first great division comprehends those 
languages which are in a great degree derived from the Latin 
— the Italian, Spanish, Portuguese, and French. The second 
those of Teutonic origin, such as are spoken by the English, 
the greater part of the Scottish and Irish, the inhabitants 
of Iceland, Norway, Sweden, Denmark, Germany, and the 
Netherlands. The third is the Slavonian, spoken (in various 
dialects) in Bohemia, Silesia, Poland, Russia, Dalmatia, 
Croatia, Bosnia, Servia, and Bulgaria. Besides these three 
great branches, dialects of the ancient Celtic language are 
spoken in Scotland, Ireland, Isle of Man, Wales, and Brittany. 
Cornish Celtic now only exists in a few literary survivals, not 
as a spoken tongue. 

Those Europeans who belong to the Mongolian race com- 
prise — (1) the Magyars, who inhabit the greater part of 
Hungary ; (2) the Lapps, the Finns, and the Samoyeds, who 
near the Arctic circle; (3) the Inghers, the Esthonians, 


the Livonians, the Wogules, and the Wotyakes, who occupy 
different parts of the Russian Empire. A few Calniucks, 
Khzrghises, and Baskirs inhabit the European side of 
the Ural Mountains. The Lithuanians and Courlanders 
speak languages peculiar to themselves. The south-east of 
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Europe is inhabited by Wallachians, Turks, Tartars, Alban- 
ians, and Greeks, who have all a distinct origin, and who 
speak peculiar languages. 

The following is a table of the main divisions and general 
distribution of the Caucasian race over Europe: — 

^Spaiii^ Fortiigal. 

I Prance. 

Celtic, • , . . • . • . . . .-s Switzerland 

I Belgium (mixed). 

'■Britain (miaffid), 

A Scandinavian. 

Norway, Sweden. 

Denmark, Faroe. 

Iceland, Orkneys 
. German. 

Germany, Holland. ^ 
Switzerland (fart of). 
Britain (mtsced). 

Belgium (miiBtfd). 

/■Russia. 

J Poland, Lithuania, ^ ^ ^ ^ ^ 

• * • • • • * ‘j Bohemia, Moravia. 

( Servia, Bulgaria. 

/ Finns, Lapps, Letts. 

Mixed— Caucasian and Mongolianx 

„ (Basques. 

Religion. — The Roman Catholic form of the Christian 
religion prevails in almost all the nations in the south and 
middle of Europe; the Protestant form in those of the north; 
and the Greek in those of the east. In some countries, as 
the German States, Belgium, &:c,, there is a mixture of Roman 
Catholics and Protestants. Mohammedanism is confined to 
Turkey and the extreme south of Russia. 


Teutonic, 


Slavonic, 


CHAPTER YIL 

ASIA — PHYSICAL CHARACTERISTICS — CENTRAL AREA — MOUN- 
TAIN RANGES — PENINSULAR PROJECTIONS — SEAS — ISLANDS 
— ^LAKES — COUNTRIES. 

Far back, beyond the records of history, traditions abound 
regarding the infancy of mankind, and assign to Asia the 
credit of being the cradle of the human race. Prior to the 
birth of civilization, or the rise of the great empires of the 
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Oneat, these traditions tell of times when the new-formed 
world was peopled with a few human beings, who dwelt, in 
the enjoyment of peace and plenty, in the Asian gardens and 
meadowlands, happy in their intercourse with one another 
and with the Divine powers who gave them life. Then came 
an era of moral catastrophes and miraculous changes, in 
which the earth was wasted and its inhabitants were scattered. 
Men Wandered over the earth in unsettled masses, and toiled 
for subsistence of a precarious kind. As mankind multiplied, 
their difficulties increased; they separated into tribes, and 
aggregated into Rations. Civilization constrained men, 
custom settled into law, and dominion became despotism. 
History’s earliest glimpses of national life bring into view 
power, war, and superstition engaged in large enterprises 
and developing increasing activity. The field whereon, in 
life’s morning dawn, when creation was young, men hunted 
in the forest, drove their herds to pasture, tilled the soil, and 
raised the city, was Asia — a name which comprehends all the 
countries lying to the east (1) of Europe and (2) of the northern 
part of Africa. This enormous mass of land is surrounded 
on three sides by the ocean, and it spreads out upon the sur- 
face of the sea along the line of the equator a train of insular 
dependencies. It presents a coastline of 33,000 miles, holds 
within its compass one-half of the population of the globe, 
and occupies a space of nearly five times the extent of Europe. 
Asia is separated from Africa by seas — except in one place 
where the narrow isthmus of Suez attaches that vast con- 
tinental peninsula to the central mass of the Old World. It 
is connected with Europe by those low desert plains which 
margin the Caspian Sea on the north, and line the lower 
course of the Yolga, and by the great mountain tract of the 
Urals. A trapezium, the four unequal angles of which might 
be laid on (1) the isthmus of Suez, (2) the northern reach of 
the Gulf of Tonquin, (3) East Cape on Behring Straits, and 
(4) the northern part of the peninsula of Zemlia, would 
inclose nearly four-fifths of the great Asiatic continent. The 
northern side of this figure, which may be regarded as the 
body of Asia, would extend to about 2700 miles, and be 
nearly parallel with the Arctic circle; the southern side, near 
the tropic of Cancer, would be almost double that length. 


Out from this central mass— -as divers members-— headlands 
and peninsulas project. The northern coast, though much 
indented, presents no peninsular forms of any great size. 
Towards the west is Asia Minor (or Anatolia)— that portion of 
Asia which, lying between the Black Sea and the Levant, and 
proceeding from Armenia and Mesopotamia on the east to 
the Archipelago and the Sea of Marmora on the west — has 
been a pathway of civilization and nations from Asia into 
Europe. On the south, three large peninsulas (unitedly almost 
equal in extent to Europe) stretch out into the seas of Arabia 
and India — viz. (1) Arabia, (2) India (within the Ganges), 
and (3) Transgangetic India, Indo-China (including Burmah, 
Siam, Tonquin, Cochin-China, and Malacca). Towards 
America, the peninsulas of the Tchukchees, of Kamtchatka, 
and of Corea project, while (to use the words of Karl Ritter) 
“ the curved arc of the coast of China forms a kind of penin- 
sula,” taking an eastward sweep. The entire superficial area 
of Asia is 20,000,000 square miles. Cape Romania, in 
Malacca, lat. V 20’ N., forms its southern point, and Cape 
Severe, in Siberia, 78° 20' N., its northern extremity; Cape 
Baba, in Asia Minor, Ion. 26° 4' E., is its western outpost, 
and on the east, one of the headlands running into Behring 
Straits terminates in Ion. 170° W. 

The eastern coast of Asia is deeply indented by seas— 
Kamtchatka or Behring Sea, the Sea of Okhotsk, the Sea 
of Japan, the Yellow Sea, the Chinese Sea, &c. — and these 
are fringed by numerous groups of islands, of which the 
Kuriles, Saghalien, Japan islands, Formosa, may be noted. 
The south-east might almost be said to be connected with 
Australia by a bridge of island groups — the Philippines, 
Borneo, Sumatra, Java, Celebes, the Moluccas, Kew Guinea, 
Timor, and the group around the Sandalwood Isles. Taking 
into account not only its immense central mass untouched by 
any of the seas which bound its shores, but also its insular 
and peninsular members — so abundantly washed by varioiL^ 
seas — Asia, as a whole, presents the most diversified hoiizon 
tal surface, and the greatest contrasts of scene, climate, ter- 
ritory, hill, valley, river-course, sea, and land. But its vertical 
outline is also singularly varied, and differs largely from that 
of the other continents. Its entire interior rises high above 



Mountains of Asia. 


the sea, and this immense elevated mass is occupied through- 
out its greatest extent by table-lands and plateaus, intersected 
and traversed by many mountain ranges, which lift their 
peaks above those lofty terraces and esplanades which fill up 
its centre rather than diversify its extremities. 

The chief central continental mass of Asia is characterized 
by being composed of one vast nuclear plateau, divided into 
two highlands, (1) Eastern or Tibetan, (2) Western or Iran 
Asia— differing in geometrical outline and in vertical eleva- 
tion ; the former rising from 4000 to 10,000 feet above 
the sea level, while the latter scarcely reaches 4000 — the 
one more, rugged and uneven than the other. These two 
plateau systems, stretching from the neighbourhood of the 
Black Sea and the Persian Gulf to the sea which washes the 
coasts of Corea, measure a length of 6500 miles. In breadth 


they vary considerably, being, about BeloocMstan, nearly 700 
miles, while in the easterly parts of China and Tartary, they 
extend to 1800 or 2000 miles. Of these plateaus, Mount 
Elbourz, where it slopes down towards the Caspian, and the 
ranges of Caucasus and of Taurus may be regarded as the 
north-western extremity of the Iranese region. They proceed 
northwards by the ranges of the Altai Mountains into Siberia, 
and their north-eastern extremity is found among the Alpine 
heights of Daouria in Irkutsk. In the south-east they gradu- 
ally descend towards the Gulf of Tonquin ; in the south the) 
slope down the Himalaya range and its branches, and pass 
off, in the west, into the ranges of Hindoo-Koosh as well as 
into the table-lands of the Anatolian peninsula. The whole 
system of highlands, though really forming one continuous 
1 range of elevations of the surface of the continent, contraci 
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in breadth considerably in the central mountain -knot, where j 
the ranges of Himalaya, llindoo-Koosh, Beloor-Tagh, and 
Kuen-lin meet and are joined by a highland isthmus. As 
regards vertical outline, therefore, the ridges, peaks, table- 
lands, and plateaus of the Asiatic mass is not less indented 
and diversified than is the horizontal configuiation of its 
coast-line. Upwards of forty peaks have been ascertained 
to range in their altitude from 23,000 to 29,000 feet above the 
level of the sea — Mount Gaurisankar or Everest, 29,002 feet, 
being the loftiest elevation on the earth. The terraces which 
connect the highlands and the lowlands descend gradually 
from the central mountain system in twelve great transi- 
tional steps. The valleys which they inclose form natural 
lines of communication, down which flow the water-supplies, 
along which the winds veer, change, and play. Flora and 
fauna, as well as races of men, under the natural influences of 
these differences, take peculiar characteristics, and thus this old 
historic continent is multifariously enriched with natural pro- 
ducts, diversified scenery,and distinct civilizations and histories. 

The six great prominent lowlands are (1) the Siberian, (2) 
the Chinese, (3) the Indo-Gliinese, (4) the Forth-Indian, (5) 
the Syrian, and (6) Turkestan. These regions are all of vast 
extent and differ greatly in character, from waste and solitary 
expanses, or deserts sandy and gravelly — having a rainfall 
seldom and almost without water— to soil of the richest capa- 
city, glorious with exuberant vegetation, visited by copious 
showers, and watered by rivers of mighty volume. Sorne 
districts are carpeted with long-lasting snow, and have their 
soil frozen down to immense depths ; while others glow with 
the rarest profusion of variegated plant and flower life, and 
are luxurious with almost everlasting green. Splendid regions 
of fine scenery and fertility beyond description lie in the 
valley-lands, and every variety of earthly condition may be 
traced between these and “the abodes of snow,” as the 
magnificent fortress-frontier of northern India, the Hima- 
layas, is called. There glaciers abound, and these mighty peaks 
most truly “wear their caps of snow in very presence of the 
regal sun.” These glaiiers and snow-stores, in the high up- 
lands, are the sources of the majestic rivers, which gather on 
the slopes, sweep down the gorges, and cleave their pathways 
to inland sea or shore- lapping ocean. The land-locked seas 
and lakes of Asia are remarkable for number, magnitude, 
and characteristics. Many of them — as the Caspian, Aral, 
Head Sea, and Lake Balkash, are receptive seas, liaving feeders 
entering them, but no visible outlet for their waters, l;^g 
below the level of the ocean and subject to great evaporation. 
Fearly 1,200,000 square miles are drained by six consider- 
able rivers, three of which — (not speaking of the European 
Yolga), the Ural, the Terek, and Kur — find tlieir way into 
the Caspian ; two — the Amoo (Oxus or Jihoon), from Lake 
Sirikol, and Sir (Jaxartes), also rising in the Pamir table- 
land — ^flow into the Sea of Aral ; and one — the Yarkand 
(Erghen)— empties itself into the comparatively small lake 
of Lob-nor, north of the great desert of Gobi. Another tract 
of land, at least half as large in superficial extent, possesses 


„ multitude of small streams, which, after proceeding a short 
distance, get lost in small lakes or disappear amoM the 
gauds of the thirsty deserts which they traverse. Binary 
rivers are characteristic of Asiatic hydrography. Of these 
we may mention the Ganges and the Brahmapootra, whose 
sources lie on opposite slopes of the Himalayas, converge ana 
mingle their accumulated waters beside the same great delta 
at the head of the Bay of Bengal ; the Indus and the Sutlej 
rise in the snowy mountains, now westward through Tibet, 
and unite in the Funjaub ; the Euphrates and the Tigris, in 
Western Asia, rise in the heart of the Armenian highlands, 
diverge to a considerable distance, force a way through the 
Taurus Mountains into the plains of Mesopotamia, gradually 
approach and form an actual confluence near the city^ of 
Bagdad, and run 160 miles as one stream into the Persian 
Gulf. Otte conspicuous pairs of Asiatic rivers are the 
Hoang-ho and the Yang-tze-Kiang, whose sources He near 
together, whose channels separate 1000 miles from each other, 
yet whose debouchures are not 100 miles apart ; the Irra- 
waddy and Salwen, the Meiman and Cambo(Ha. 

The flora of Asia is usually systematized under seven 
divisions, including the following regions : — (1) Siberian, 
(2) Tartarian, (3) Cashmerian, (4) Syrian, (6) Himalayan, 
(b) Indian, and (7) Malayan. These districts are regarded 
as presenting well-marked differences arising from the widely 
diverse climatic conditions exhibited in this continent. The 
zoology of Asia is in extent and variety greater than that 
of any other region of the globe. It contains the greater 
portion of those animals by whose aid man tills the ^ound, 
extends his power, transports goods, and from which he 
derives food and raiment. The elephant, camel, dromedary, 
horse, ox, ass, goat, sheep, hog, dog, cat, &c., appear to be 
of Asiatic origin. Asiatic mineralogy is specially varied — 
gold, silver, copper, lead, iron, tin, zinc, quicksilver, dec,; 
precious stones of the more costly kinds, particularly diamonds, 
sapphires, topazes, &c. ; pottery clays, coal, salt, &c., are 
found and used in many districts. The geological, atmo- 
spherical, and climatic phenomena which Asia presents to the 
scientist, are not less numerous than the races and reli^ons 
which it brings under the notice of physiologists, philan- 
thropists, philologists, and philosophical theolo^ans. The 
theatre of human societies and diverse nationalities which it 
exhibits in actual operation supplies the student of life and 
politics mth. matter for interesting speculation. Contrast 
and isolation of races and products distinguishes Eastern 
from Western Asia — the Asia of historic effectiveness and 
the mother of civilization. In its great plains nations were 
founded, by the hanks of its streams cMization prospered. 
Thought, imagination, industry, social subordination, and 
moral investigation arose in Asia, and gave to humanity the 
day-dawn of mental, moral, and industrial improvement. 

Countries. — The principal countries of Asia are enume- 
rated in the following table, with their area and population, 
but in most instances these elements are to be regarded 
merely as approximations: — 


Kussian Asia— Siberia and Transcaucasia, . < 
Eussian Turkestan (Central Asia), comprising Bo- 
khara, Khokan, Khiva, Kbirghis Territory, , 
Ottoman Asia— Asia Minor, Turldsh Armeni 




Palestine, . . . . . . . ... . . . . ._ 

Arabia, 

Persia or Iran, .............. 

Afghanistan, Kafiristan, 

India — ^British, Protected, and Independent States, . 
Further India — Siam, French and British Posses- 
sions, &c., . 

Chinese Empire, comprising China Proper, Manchuria, 
Mongolia, Tibet, and Chinese Turkestan, , , . . 

Korea, . 

Japanese Empire, 

Insular Asia — Sundas, Moluccas, Philippine and Sulu 
Islands, &c., . . . . . . , . 


Area in 
Square Miles, 

Population. 

Capitals or Chief Towns. 

5,000,000 

15,000,000 

Tobolsk, Tiflis. 

1,550,000 

7,750,000 

Bokhara, Khiva. 

600,000 

16,000,000 

Smyrna, Aleppo, Damascus. 

1,200,000 

8,000,000 

Mecca. 

648,000 

9,000,000 

Teheran. 

220,000 

5,000,000 

Cabul. 

1,600,000 

800,000,000 

Calcutta. 

600,000 

30,000,000 

Bangkok. 

4,500,000 

400,000,000 

Pekin. 

82,000 

8,000,000 

Seoul. 

160,000 

46,500,000 

Tokyo. 

786,500 

34,500 

Batavia, Manila. 
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THE FRENCH LANOTAaE.— CHAPTER Till. 

VEEBS — THEIE NATITEE AND KINDS — VOICE, MOOD, TENSE, 
NUMBER, AND PERSON. 

In all languages the word which is most complex in its form, 
varied in its meaning, and most difficult to be mastered is the 
verb. Its functions are intricate and perplexing, and the 
conjugation of a verb is always felt to be an achievement 
when studying a foreign tongue. Its very name implies its 
special importance among words, as the word on which the 
structure of a sentence depends, and therefore the word over 
which it is most essential to acquire mastery. The varia- 
tions for voice, mood, tense, number, and person; the differ- 
ences in the mode of developing their peculiar conjugations; 
and the numerous irregularities of etymology, composition, 
and usage which occur in practice — complicate the study of 
them, even when the greatest care has been taken to ascer- 
tain their several points of resemblance and the analogies by 
which they may be related to each other in the memory. Of 
course careful classification and intelligent comparison of the 
structure, arrangement, and analogies of language contribute 
greatly to the facility with which a knowledge of the uses of 
verbs, in all their varieties, may be attained. 

The verb is the animating principle of speech. No collo- 
cation of words can make a statement until a verb has con- 
ferred upon them the vital essence of expressiveness. It is 
the soul of the sentence. Its functions are to express the 
state, condition, or active powers of things and beings, the 
operations they perform, the influences they exert, or the im- 
pressions they communicate and receive; giving in the same 
word indications of the time of the action or state of the per- 
son or thing acting or existing, the number to whom it re- 
fers, the mood or manner of the work, and the originating 
conditions of the states or actions expressed by it. Consider- 
ing the amount of ingenuity implied in the investing of one 
word with such extensive and various duties as the indica- 
tion of all these circumstances, over and above that of the 
chief meaning of the verb itself, it is scarcely to be wondered 
at that difficulty should be felt in mastering the verbs of any 
la.nguage. And yet, as no proposition can be framed without 
the aid of a verb, no adequate and accurate communication 
of thought, feeling, or fact from one mind to another can be 
made without a ready and exact acquaintance with ail the 
variations which verbs undergo. 

One can easily see that it is of great importance to indicate 
(1) whether an act is performed or endured, that is, whether 
the agent is active or passive — in what voice he speaks; (2) 
whether the act or state is spoken of either as a certainty, 
with deliberation and confidence; or as a possibility; or as a 
wish, with doubt or hesitation regarding power or opportunity; 
or as an independent act or state, having no reference what- 
ever to preceding or surrounding conditions; or as dependent 
so far that unless something else occurs or is likely to occur 
this cannot or will not be done; or as a command more or 
less imperatively imposed on those to whom it is addressed, 
according to their relation to the speaker — ■i.e. the 9noo(i which 
regulates the speaker’s use of the verb; (3) whether the state 
or act is past, present, or to come, and the several relations 
in time {tense) which they bear to one another; (4) whether 
one or more in number are involved in the act or state; and 
(5) whether the persons interested are speaking, spoken to, or 
spoken about when the verb is being used. 

When all the various forms which a verb undergoes for the 
purpose of indicating at once all these special requirements 
are arranged together, in regular and continuous order, pro- 
perly distinguished from each other, and placed before the 
mind at one view, the verb is said to be conjugated, and the 
extended orderly presentation of these forms in this manner 
constitutes a paradigmr—Mx exhibited example, a model. In 
the French language it is necessary to present four models of 
regular conjugations, in addition to which there are certain 
verbs which, because they do not in some points follow the 
model, are called irregular; and there are also two special 
verbs, generally named auxiliary or helping verbs, which, on 
account of their peculiar usefulness and necessity, require 
particular attention, and must have their specialties carefully 
exhibited. 


.'EAlIOTAaE. 

Before doing tliis, however, it will be advisable to define 
with greater precision some of those technical words which 
grammarians employ, a<nd which, from their peculiar use, are 
apt to puzzle and perplex the learner. 

I. VoioE.~This word is employed figuratively: the verb is 
personified; it is supposed to be endued with the power of 
speech, and a voice is given to it, by which it indicates whether 
its subject thinks, feels, and acts, or is thought of, compelled 
to feel, and acted upon— z.c. whether it is active m passive. 
In active verbs the agent or doer of an action is expressed 
in the nominative case, whereas in passive verbs the person 
or thing upon whom an agent or doer operates is expressed 
in the nominative case. 

II. Mood. — Every act or state may be presented to the 
mind from many points of view. These are called moods. 
Of these there are five: (1) Infinitive, expressing whatever 
is affirmed by the verb in an unlimited, indeterminate plan- 
ner, without specification of person or number. Hence it re- 
quires to be joined to another word to form complete deter- 
minate sense; b>s JEJtudier est la plus utile des occupations, 
To study is the most useful of occupations.^ (2) Indicative, 
presenting the affirmation to the mind positively and as an 
actual fact. It is a direct statement; as Je remplis mes de- 
voirs, I fulfil my duties; Socrate 4tait un grand philosoplie, 
Socrates was a great philosopher. (3) Conditional, being de- 
pendent on some conditional circumstance, act, or state for 
its performance; as tPirais le voir sHl 4tait Id, I would go to 
see him if he were there; J^aurais 4crit si vous 7i4aviez donn4 
du papier, I would have written if you had given me some 
paper. (4) Subjunctive, showing the action or state in an 
indirect, subordinate manner, as subjoined to and resulting 
from some prior consideration; as Je disire gue vous rem- 
plissiez VOS devoirs, I wish that you would fulfil your duties. 
(5) Imperative, expressing command, exhortation,^ entreaty, 
request regarding an act or state; as Venez me voir demain. 
Come to see me to-morrow; Ecrivez cettelettre, '^x\t^ that 
letter. 

HI. Tense.— The precise point of time at which we speak 
is taken as the dividing point of the periods to whicb affirma- 
tions may refer. There are three principal tenses: (1) the 
present, (2) tile past, (3) the future; and they serve to express 
whether the act or state spoken of (1) exists at the time of 
speaking, (2) existed prior to the time of speaking, or (3) 
will come into existence after the time of speaking. The 
actual present is so narrow a point that it cannot admit of 
division into time more or less present, and therefore tliere is 
only one present tense possible. But the past — ^all the time 
that has preceded the act of speaking — may be regarded as 
subdivisible, and hence in French we have (1) the imperfect 
past, used to indicate that the action or state was going on 
at some (undefined) past time. It may also indicate that the 
act or state was continuous, repeated, or habitual; as II dtait 
malade, He was ill. (2) perfect past, used in reference 
to states or actions in a definite period of time, the beginning 
and end of which are known, but which is now completely 
past and gone; as fPallai Vann4e pass4e en France, I went 
last year to France. (3) The fvture tense is used to denote 
an action which is intended or fixed to take place at a time 
yet to come; as Firai demain, I shall go to-morrow. Some- 
times the idea intended to he conveyed is more that of duty 
and obligation than of the futurity in which these must be 
fuMEed, and then the future indicative takes almost an im- 
perative sense; as Vous aimerez vos parents. You shall love 
your parents; Vous ne parlerez pas. You shall not speak. 
(4) Besides these naturally fixed divisions of time, the mind 
inclines to make a more or less definite indication of the por- 
tion of time referred to in the act of thought; thus the plu- 
perfect tense indicates not only that the action itself of which 
mention is made as past is completely past, but also implies 
that some other intervening action has taken place, and is 
also already past; as F avals pris mon parti avant de sortir, 
I had formed my resolution before going out. 

It may here be advantageously remarked that in studpng 
the conjugations it is not advisable, though they are exhibited 
in the paradigms, to commit to memory the various forms of 
the compound tenses formed by the simple tenses of avoir 
and its participle eu. It is quite as easy to form or translate 
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these tenses by giving their usual meaning to the various 
parts of moir^ as it is to interpret the similar English phrases 
I have had my letter written for some time;” “I would 
have had it long ago,” &c. 

IV. Number. — ^There are of course terminations to show 
the difference between singular and plural 

V. Person. — As has been explained under Pronoun, there 
are three persons in each number — first, second, and third; 
and the verb takes a specific form of termination to denote 
the three different persons in each number. 

Besides the above each verb has also certain tenses called 
compound, because the auxiliary verbs moir and Ure are 
used to assist in forming them. It is because they are used 
thus that these verbs are called auxiliary. Amir is used to 
form the compound tenses of Hre. 

In the following paradigms the student must carefully 
commit to memory the present, imperfect, perfect definite, 
and future of the indicative mood, the present conditional, 
the imperative mood, the present and imperfect of the sub- 
junctive mood, and also the infinitive and participles. When 
he has done this with both verbs, if he will carefully examine 
the remaining (compound) tenses, he will find he can make 
them up out of the tenses he has already learned. 

CONJUGATION OF THE AUXILIARY VERBS. 

Primitive Parts. 

Infinitive^ Avoir, to have. Etre, to be. 

Pres, participle., Ayant, having. litant, bemg. 

Past participle., Eu, had. been. 

Indicative Mood. 

PRESENT TENSE. 


S. 1. J’ai, I have, 

Je suis, 

I am. 

2. tu as, thou hast, 

tu es, 

thou art. 

3. il a, he has. 

il est. 

he is. 

P, 1. nous avons, we have, 

nous sommes, 

we are. 

2 vous avez, you have. 

vous 4tes, 

you are. 

3, fis out, they have. 

ils sout, 

they are. 

IMPERFECT 

S. 1. J’avais, I had. 

OR PAST TENSE. 

J’etais, 

I was. 

2, tu avais, thou hadst, 

tu dtais, 

thou wast. 

3. il avait, he had, 

il etait, 

he was. 

P. 1. nous avious, we had, 

nous etions, 

we were. 

2. vous aviez, you had, 

vous etiez, 

you were. 

3. ils avaient, they had. 

ils etaient, 

they were. 

PERITECT DEETNITE TENSE. 


S. 1. J’eus, I had, 

Je fus, 

I was. 

2. tu eus, thou hadst. 

tu fus, 

thou wast. 

3. il eut, he had, 

il fut, 

he was. 

P. 1. nous eumes, we had, 

2. vous eutes, you had, 

nous fumes, 

we were. 

vous futes, 

you were. 

3. ils eurent, they had. 

iis furent, 

they were. 


PERFECT INDEFINITE TENSE. 


S. 1. J’ai eu, / have 

2. tu as eu, thou hast 
B. il a eu, he hcLS 

P. 1. nous avons eu, we have 

2. vous avez eu, gou have 

3. ils out eu, theg have 


1 J’ai 
I tu as ete, 
il a ete, 

su nous avous ^te, 
} vous avez ete, 
J ils oat ete, 


I have been, 
thou hobst been, 
he hajs been, 
we have been, 
gim have been, 
they have been. 


PERFECT OR PLUPERFECT TENSE. 

S. 1. J’avais eu, I had "j J’avais et^, I had been. 

2. tu avals eu, thou hadst | tu avais thou hadst been, 

3. il avait eu, he had g* il avait dt^, he had been. 

P. 1. nous avious eu, we had 3^ nous avions etA we had been, 

2. vous aviez eu, you had I vous aviez 4t4, had been, 

3, ils avaient eu, they had J ils avaient et4, hej had been. 

PERFECT OB PLUPERFECT DEFINITE TENSE. 

S. 1. J’eus eu, I had "j J’eus I had been. 

2, tu eus eu, thou hadst j tu eus et^, thou hadst been. 

3. a eut eu, he had g* il eut etd, he had been, 

P. 1. uouseumeseu, we had Su nous effmes ete, we had been. 

2. yoU3 elites eu, you Imd { vous eutes 4te, you had been 
8., ils eurent eu, idi^y had J ils eurent et^, they had been. 


3 . 1 . 

2 . 

3 . 

P-1. 

2 . 


S.l. 

2 . 

3. 

P.l. 

2 . 

3. 


J^aurai, 
tu auras, 
il aura, 
nous aurons, 
vous aurez, 

Us auront, 

J’aurai eu, 
tu auras eu, 
il aura eu, 
nous aurons eu, 
vous aurez eu, 
Rs auront eu, 


.FUTURE, TENSE. 

I shall 1 Je serai, 
thou shalt ! tu seras, 
he shall il sera, 
we shall J nou^ serous, 
you shall I vous seress, 
they shall J ils seront, 

FUTURE PERFECT TENSE. 
I shall "1 J’aurai ^te, 
thou shalt g^ tu auras 
he shall g il aura 
we shall 


I shall he. 
thou shalt be. 
he shall be. 
we shall be. 
you shall be. 
they shall he. 


' r.; 


thou shalt have j 
he shall have ^ 
nous aurons 4te, zve shall have ? 

you shall have | 
they shall have J 


you shall ^ vous aurez et^. 
they shall J Os auront 6te, 


Conditional Mood. 


PRESENT TENSE. 

S. 1. J’aurais, / should 1 serais, 

2. tu aurais, thou shouldst | tu serais, 

3. a aurait, should il serait, 

P. 1. nous aurions, we should J nous serions, 

2. vous auriez, you should 1 vous seriez, 

3. ils auraient, they should J ils seraient, 


/ should be. 
thou shouMst be. 
he should be. 
we should be. 
you should he. 
they should be. 


PAST TENSE, ' 

S. 1. J’aurais eu, / should 'I J’aurais et4, / should 

2. tu aurais eu, thou shouldst tu aurais 4t4, thou shouldst 

3. a aurait eu, he should * il aurait ^te, he should ^ 
P. 1. nous aurions eu.,we should ^ nous aurions ete, we should ^ 

2. vous auriez eu,yow should vous auriez 4t4^ you should p 

3. ils auraient eu,iAey.^/iowZ'i J ils auraient ete, they should J 

SECOND PAST TENSE. 

S. 1. J’eusse eu, I should "1 J’eusse et^, I should 

2. tu eusses eu, thou shouldst tu eusses 4t4, thou shouldst g" 

8. il efit eu, he should » il efit 4te, he should § 

P. 1. nouseussionseu, 2 ae 6 ’^o?i^d^ g- nous eussions4td, we .should 

2. vous eussiez eu, you should su vous eussiez ete, you should 

B.tIs eussexA eu., they should j ils eussent 4t4, they should 


i 

J 


Imperative Mood. 

S. 2. Aie, have (thou), Sois, be (thou). 

P. 1, ayons,* let us have, soyons,f let us he. 

2. ayez, have (you), soyez, he (you). 

Subjunctive Mood. 

PRESENT TENSE. 

S. 1. QueJ j’aie, that I may “] Que je sois, that I may be, 

2, qaetn&\es,thatthoumay.st j que tu sois, that thou mayst be. 

3. qu’il ait, that he may g^ qu’il soit, that hs nuiy ho, 

P. 1. que nous ayons,^/i«^?^?eTO«y S que nous soyons, that we znay be. 

2. qiievousayez,i;/i«iyoMm< 2 y | que vous soyez, that you may be. 

3, qu’ils aient, that they may J qu’ils soient, that they may he. 

IMPERFECT TENSE. 


S. 1. Que j’eusse, that 1 might 

2. que tu eusses, that thou 

mightst 

3. qu’il eut, that he might | 
P. 1. que nous eussions, that we g' 

mzght ya 

2. que vous eussiez, that you 

might 

3. qu’ils eussent, that tliey 

might 


Que je fusse, 
que tu fusses, 


that 1 7m,gkt be, 
that thou mightst 
be. 

qu’il fut, that he might be. 

que nous fussions, that we might be. 


que vous 


2 , that you might 
be. 

qu’ils fussent, that they might 
be. 


PERFECT TENSE. , 

S- 1. Que j’aie eu, that I may 1 Que j’aie et4, that I may 

2. que tu aies eu, that thou que tu aies 4t4, that thou mayst j 

mayst j j 

3. qu’a ait eu, that he may g* qu’il ait 4te, that he may ^ 
P. 1. que nous ayons eu, that we g que nous ayons 4t4, that we may ^ 

rmy g^ ^ I* 

2. que vous ayez eu, thatyou que vous ayez Ate, that yowmay p 

may 

3. qu’ils aient eu, that they qu’ils aient 4t4, that they may 

may J 

* Note tbe spelling of the diphthong— ay when the syllable after it is 
sounded, otherwise ai. 

t.Ohserve the spelling of the diphthong— oy when the syllable after it 
is sounded, otherwise oi. 

J The conjunction gue prefixed to the subjunctive mood is no part of the 
mood Itself, but is merely placed there to mark that the subjunctlTe is 
always dependent. 
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PLXTPEEFECT TENSE. 


S. 1. Que j^eusse eu, that I might ' 

2. tn eusses en, that thou 

mightst 

3. qu’il efit en, that he might | 
P. 1. que nous eussions en, that % 

we might | 
2. que Tons eussiez eu, that j 
you might 

8. qu’ils eussent eu, that \ 

they might ^ 

Que j’eusse ^te, that I might 
que tu eusses ^t^, that thou 

mightst 

^ qu’il efit ^t4, that he might 

1 que nous eussions 4t^, that we 
a- might 

t que vous eussiez 4t6, that you 
might 

qu’ils eussent that they 

might 


Infinitive Mood. 



present. 


Avoir, 

to have. 

Etre, 

to be. 


PAST. 


Avoir eu, 

to have had. 

Avoir 

to have 'been. 


PRESENT 

PARTICIPLE. 


Ayant, 

having. 

j^tant, 

being. 


PAST PARTICIPLE. 


Eu, 

had. 

tii. 

been. 


PAST PAETICIPLB (COaO?OUND> 

Ayant en, having had, Ayant having hem. 

In English the verb to he is often used in such expressions 
as — I am having, I was having, &c.; it is never so used in 
French. The one form of the present tense of avoir is used 
both to express the meaning I Imve, I am having, and I do 
have. The case is different in the past tenses of French verbs. 
The imperfect conveys the idea of habit or continuance of 
action; thus favais means I had, I was having, I used to 
have, &c.; while the perfect definite expresses that the special 
action referred to was completed at the time specified: il fat 
he was shot. 

Exercise. — Conjugate the whole vero avoir (1) with a noun 
after it; as J^ai vm pomme^ f avais une pomme, &c. ; (2) 
with the pronouns V (le)^ it, and les, them; as Je Va% I have 
it; tu Vas, il &c.; ye les aurai^ tu les auras^ &c. Proceed 
to conjugate avoir, adding the following words, UTie gram- 
maire, un livre, un cheval, une lettre. (3) Conjugate the 
whole verb itre with the adjective tired; e.g, je suis 
fatigue, tu esfatigui, il est fatigud, noussommes fatiguds, &c. 
j Avoir and itre are conjugated negatively by placing ne be- 
1 fore the verb and pas after it. 


Mode of Conjugating the Auxiliary Verbs Negatively* 

Infinitive Mood. 

Ne pas avoir, not to have. Ne pas §tre, not to be. 

Pres, 'participle, N’ayant pas, not having. N’etant pas, not being. 

Ne pas ete, not been. 

Indicative Mood. 



PRESENT 

TENSE. 


S. 1. Je n’ai pas, 

I have not, 

Je ne suis pas, 

I am not. 

2. tu n’as pas. 

thou hast not, 

tu n’es pas, 

thou art not. 

8. il n’a pas, 

he has not, 

il n’est pas, 

he is 7iot. 

P. 1. nous n’avons pas, 

we have not. 

nous ne sommes pas, 

we are not. 

2. vous n’avez pas, 

you have not, 

vous n’Stes pas, 

you are not. 

8. ils n’ont pas, 

they have not, 

ils ne sont pas, 

they are not* 


IMPERFECT OR 

PAST TENSE. 


S. 1. Je n’avais pas, 

I had not, 

Je n’^tais pas, 

I was not. 

2. tu n’avais pas, 

thou hadst not, 

tu n’etais pas, 

thou wast not. 

3. il n’avait pas, 

he had not, 

il n’dtait pas, 

he was not. 

P. 1. nous n’avioas pas, 

we had not, 

nous n’eiions pas. 

we were not. 

2. vous n’aviez pas, 

you had not, 

vous n’^tlez pas. 

you were not. 

8. ils n’avaient pas, 

they had not, 

ils n’^taiont pas, 

they were not* 


PERFECT DEFINITE TENSE. 


S. 1. Je n’eus pas, 

I had not, 

Je ne fus pas. 

I was not. 

2. tu n’eus pas, 

thou hadst not, 

tu ne fus pas, 

thou wast not. 

8. il n’eut pas, 

he had not, 

il ne fut pas, 

he was 7iot. 

P. 1, nous n’eiknes pas, 

we had not, 

nous ue fumes pas, 

loe were not. 

2. vous n’eutes pas, 

you had not, 

vous ne fhtes pas, 

you were not. 

S. ils n’eurent pas. 

they had not. 

ils ne furent pas, 

they were not. 


FUTURE 

TENSE, 


S. 1. Je n’aurai pas, 

I shall ox will not have. 

Je ne serai pas, 

I shall or will not he. 

2. tu n’auras pas, 

thou shalt or toilt 'not have, 

tu ne seras pas, 

thou shalt or wilt not he* 

3, il n’aura pas, 

he shall or will not have, 

il ne sera pas, 

he shall or will not he. 

P. 1. nous n’aurons pas, 

we shall or will not have, 

nous ne serons pas. 

we shall ox wiU not he. 

2. vous n’aurez pas, 

you shall or will not have, 

vous ne serez pas, 

you shall or will not he. 

3. ils n’auront pas, 

they shall or will not have. 

ils ne seront pas. 

they shall ox will not he. 


Conditional Mood. 



PRESENT 

TENSE. 


S. 1. Je n’aurais pas, 

I should or would not have, 

Je ne serais pas, 

/ should or would not he. 

2. tu n’aurais pas, 

thou shouldst or loouldst nvt have, 

tu ne serais pas, 

thou shouldst or wouldst not be. 

3. il n’aurait pas, 

he should or would not have. 

il ne serait pas, 

he should or would not be. 

P. 1, nous n’aiirions pas, 

we should or would not have. 

nous ne serions pas. 

we should or would iwt he. 

2. vous n’auiiez pas, 

you should or would not have, 

vous ne seriez pas, 

you should or would not be. 

3. ils n’auraient pas, 

they should or would not have, 

ils ne seraient pas, 

they should or would not he. 


Subjunctive Mood. 



PRESENT 

? TENSE. 


S. 1. Que je n’aie pas, 

that I may not have, 

Que je ne sois pas, 

that I may not he. 

2. que tu n'aies pas, 

thcU thou mayst not have, 

que tu ne sois pas. 

that thou mayst not be. 

3. qu’il n’ait pas, 

that he may not have, 

qu’il ne soit pas, 

dhat he may not he. 

P. 1. que nous n’ayons pas. 

that we may not have, 

que nous ne soyons pas. 

that we may not he. 

2. que vous n’ayez pas, 

that 'you may not have. 

que vous ne soyez pas, 

that you -may not he. 

3. qu’ils n’dent pas, 

that they may not have. 

qu’ils ne soient pas, 

that they may not he. 
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S. 1. Qae je n’eusse pas, 

2. que tu n’etisses pas, 

3. qu’il n’eut pas, 

P. 1. que nous n’eussions pas, 

2. que vous n’eussiez pas, 

3. qu’ils n’eussent pas, 


P. 1. N’ayons pas, 
2. n’ayez pas. 


IMPERFECT TENSE. 

that I might not have^ Que je ne fusse pas, 

that thou mightst not kave^ que tu ne fusses pas, 

that Ae might not have,, qu’il ne fut pas, 

that we might not have^ que nous ne fussions pas, 

that you might not kave^ que vous ne fussiez pas, 

that they might not have^ qu’ils ne fussent pas, 


let us not havC) 
have not^ 


Imperative Mood. 

Ne soyons pas, 
ne soyez pas, 


that I might not he* 
that thou mightst not he* 
that he might not he, 
that we might not be, 
that you might not be* 
that they might not he* 

let us not he* 
he not. 


When these verbs are used interrogatively the pronoun 
comes after the verb, as in English: Ai-jel Have D and 
when « comes before a vowel, t is put between them for 
euphony: A-t-ilf Has he? 

When the subject of the verb is a noun it remaim first 


N’ai-je pas ? 

n’as-tu pas ? 

nVt-il pas? 

n’a-t-elle pas? 

mon p^re n’a-t-il pas ? 

ma m^re n’a-t-elle pas ? 


have I not f 
hast thou not f 
has he not f 
has she not f 
has not my father f 
has not my mother t 


De is used before the object of a negative verb, instead of 
un^ une, a, or du, de la^ des, some, any; Je n^ai ;pas de 
flume, I have not a pen; Je riai fas Jencre, I have no (not 
any) ink. 

Avoir is used instead of the English to he to express states 
of feeling; as J^aifroid, I am cold; Elle a feur, She is afraid. 

Beflexive verbs take the auxiliary Ure; as je me suis re- 
pose, I have rested; je m!4tais reposi, I had rested. 

Some neuter verbs take avoir and others tire in their com- 
pound tenses. The former is used to mark the action; a 
f ass4 en Amerique au mois JAoUt, He went to America in 
the month of August. Eire when used as an auxiliary ex- 
presses a state; as II est reste' cinq am en Espagne, He has 
remained in Spain five years, i.e, his state was that of being 
a resident in Spain. 

When such verbs can be used in an active sense they natu- 
rally take the verb avoir; as II a montd Vescalier, He has 
gone upstairs; Nous avom descendu la montagne, We have 
come down the hill ; II a passd la rivihre, He has crossed the 
river. 

A few neuter verbs by a change in their auxiliary indicate 
a difference of meaning; thus convenir if used instead of 
plaire, to please, takes avoir; as Oet homme ne rEa pas con- 
venu, That man has not pleased me. If used in the sense of 
to make an agreement it feikes itre; as Nous en sommes con- 
venus. We have agreed about it. 

The verbs comparaitre, to appear, dichoir, to decay, de- 
meurer, to remain, eospirei', to expire, Tester, to stay, and the 
like, the sense of which is capable of variation, also follow the 
same rule in taking awjSr and 

The following verbs, when they signify passing from one 
state to another, take the auxiliary avoir:— 


contrevemr, 

courir, 

croitre, 

dormir, 

echapper, 

grandir, 

languir, 

marcher, 


to infringe, 
to run* 
to grow, 
to sleep* 
to escape* 
to grow tall, 
to languish* 
to walk. 


paraitre, 
pdrir, 
rajeimir, 
snccomber, 
survivi'e, 
triompher, 
vieilHr, 
vivre, 


to appear* 
to perish, 
to grow young, 
to succumb, 
to outlive, 
to triumph, 
to grow old, 
to live. 


The following twelve neuter verbs take the auxiliary Stre 
only, viz.: — aller, arriver, decider, dchoir; eclore, entrer; 
mourir, naitre, partir; sortir, tomber (and retomher); venir 
(also devenir, intervenir ; parvenir, revenir, and survenir); 
as II 4tait entrd dans la cha'n^re, He had entered the room. 

It is idiomatic French — although Ure implies state and 
aller movement, progress, or tendency — ^to say J^ai 4t4, 
Javais 4t4, for Je suis all4, J^4tais all4; as iZ a 4t4 en 
Italie, Where, however, the idea of motion is strongly im- 
plied aller must be used; as R y est all4 en paste par Mar- 
seille, He has gone tMther in haste, by Marseilles, 

F avoir (which literally signifies there to have”) is very 


in the sentence, and the question is put thus: Mon phre 
a-t-il ... 1 Has my father . . . ? (literally, My father 
has he . . . 1) 

The following is an example of how these verbs are conju- 
gated both negatively and interrogatively:— 


Ne suis-|e pas ? 
n’es-tu pas ? 
n’est-il pas ? 
n’est-elle pas ? 
mon pfere n’est-il pas ? 
ma m^re n’est-elle pas ? 


am I not? 
art thou notf 
is he not ? 
is she not f 
is not my father? 
is not my mother? 


frequently used as an impersonal verb. As it is rather diffi- 
cult to conjugate, owing to its having the particle y, there, 
and also because the verb “to have” is used in French in- 
stead of “ to be ” in English, we here conjugate it at lengtL 

Infinitive Mood. 

Present, , , . . Y avoir, there to be. 

Past, . , • , . Y avoir eu, 


Present, . 
Past, . • 


Present, . . 

Past, . , , 
Imperfect, , 
Pluperfect, 

Past Definite, 
Past Anterior, . 
Future, . . . . 
Future Anterior, 


there to have been. 
Participles. 

Y ayant, there being, 

Y ayant eu, there having been. 

Indicative Mood. 

11 y a, 

II 7 a en, 

II y avait, 


II y avait eu, 
11 y eut, 

II 7 eut eu, 
II y aura, 

11 y aura eu, 


Ns or are, 
there has or have been, 
there was or were, 
there had been, 
there was or were, 
there had been, 
there will he, 
there will have been. 


LttPERATiVE Mood, Qu’il y ait, let there be. 

Conditional Mood. 

Present,. . . , II y aurait, there would be, 

Past, . .... Hyauraiseu, there would have been. 

Subjunctive Mood. 

Present or Future, Qu’il y ait, that there may he. 

Past, . . . . . Qu’il y ait eu, that there may have been. 

Imperfect, . . . Qu’il y eut, that there might he. 

Pluperfect, , . Qu’il y efit eu, that there might have been, 

Y avoir is chiefly used in speaking of (1) quantity, 
number, (3) time, and (4) distance; as R y en a encore un 
peu, There is still a little of it; R y a encore une demi- 
heure, There is yet a half hour; F a-t-U de Dencrel Is there 
any ink? 

“ There is ” and “ there are ” are both translated by il y a, 
because in French impersonal verbs have no plural. 

In every case y is placed inamediately before the verb: e.g* 

(1) in the compound tenses — il y avait eu, quHl y edt eu, &c. ; 

(2) when the verb is used interrogatively — y a-t-il? (3) nega- 
tively— 'Ey a pas; or (4) both — Ey a-t-il pas? 

' : ’Exmncisms* 

Qs.veMlj write out a translation of the following sentences, 
and then compare them with the French translation given 
below:— 

1. Fortune is fickle. 2. God is, was, and shall be, E. Such was 
my opinion. 4. He was attacked there. 5. They were killed together. 
6. We shall be at home. 7. That would be useless. 8. Thou hast 
been at (the) school. 9. Be honest: let ns be just. 10, 1 think (crois) 
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that they may-be there. 11. 1 have (some) bread and you have ($oir)ie) 
butter. 12 . He had a fine house. 13. You were hungry and cold 
(had hunger and cold). 14. They will have two horses. 15, 1 would- 
be afraid (have fear) of such a man. 16. They would-have had morO 
than that. 17. Let us have patience. 

1. La fortune est inconstante, 2. Dieu est, fut, ©t sera. S. Tel 
dtait mon opinion. 4. II fut attaqud Ih. 5. Ils ffirent tues ensemble. 
6 . Nous serons chez nous. 7. Cela serait inutile. 8 , Tu as ete h 
I’^cole. 9. Sois probe; soyons justes. 10 . J© crois qu’ils soient Ik 
11 . J’ai du pain et vous avez du beurre. 12. II avait une belle maison. 
13. Vous efites faim et froid. 14. Ils aui*ont deux chevaux, 16. J’aur- 
ais peur d’un tel homme. 16. Ils aui'aient eu plus que 9 a. 17 . Ayons 
patience. 

' IL 

1 . He will not be content. 2. They were not in the garden. 3. It 
is possible that he may not be gone (parti). 4. There were many 
(maintes) people. 6 . Will there not be more ? 

1 . 11 ne sera pas content, 2 . Ils ne furent pas dans le jardin. 3. H 
est possible qu’ii ne soit pas parti. 4. II y avait maintes personnes. 
6 . N’y aura-t-il pas davantage. 

III. 

1 . Is he afraid ? (has he fear?) 2 . Is he at home? 3. Have you 
(some) potatoes ? 4, Why have you said (dit) that ? 6 . Am I wrong ? 
6 . Is fortune fickle ? 7. Where was he attacked ? 8 . Was he not 

very tall ? 9. Would you be satisfied ? 

1 . A-t-il peur ? 2. Est-il chez lui ? 3. Avez-vous des pommes de 
terre ? 4. Pom-quoi avez-vous dit cela ? 5. Ai-je tort ? 6 . La for- 
tune est-elle inconstante ? 7. Oil fut-il attaqud ? 8 . N’etait-il pas 

trbs grand ? 9. Seriez-vous contents ? 

CONJUGATION OP REGULAR VERBS. 

There are in French four Conjugations, each distinguished 
by the termination of the present of the infinitive:— 

The First ends in er, as parler, to speak 

‘‘ Second “ t?*, “ finir, to finish. 

‘‘ Third “ otV, “ recevoir, to recewe, 

“ Fourth' “ re, “ vendre, to sell. 

Every verb is formed of two parts: (1) the root, which is 
invariable; (2) the termination, which is variable. Thus, in 
the verb parler, pari is the invariable or radical part, er the 
variable one. The conjugation of a verb according to a given 
model consists in affixing the inflexions proper to a given 
verb to the root or invariable part of tliat verb, 

(1) In the First Conjugation, which has the infinitive form 
in er, as parl-er, the 

Present participle is formed by changing er into ant, parUant, 
Past pai’ticiple ‘‘ er “ e, parl'-L 

Present indicative “ “ er “ e, jeparl-e. 

Perfect indicative “ “ er “ ai, Jeparl-ai. 


(2) In the Second Conjugation, ending in ir, as fin~ir, the 

Present participle is formed by changing zV Jin4s8ant. 

Past participle ‘‘ “ ir “ i, Jin4. 

Present indicative “ “ ir “ fs, jefin4s. 

Perfect indicative “ “ ir is, je jinAs. 

(3) In the Third Conjugation, ending in ewir, as rec-’Cvoir, 
the 

Present participle is formed by changing ewjV into evant, rec-evant. 
Past participle “ evoir “ u, req-u. 

Present indicative “ “ evoir “ ois, reg-ois. 

Perfect indicative “ “ evoir “ us, req-us. 

(4) In the Fourth Conjugation, ending in re, as vend-re, 
the 

Present participle is formed by changing re into ant, vend-ant. 
Past participle “ “ re , “ u, vend^. 

Present indicative “ “ re s, vends. 

Perfect indicative re is, vendr-is. 

From the present infinitive are formed the future indica- 
tive and the present of the conditional, by changing the in- 
finitive terminations into rai and rais : — 


Parle-r, 
KM-r, ' " ' 
; ’Reeev-bir,' 

Vend-re^ 


je parle-rai, 
je fini-rai, 
je recev-rai, 
, ’ je vend-rai, 


je parle-rais. 
je 

je recev-rai& 
je vend-iaijs, 


From the present participle are formed:— 

(1) The present of the indicative in its three persons pluai, 
by changing ant mto ons, ez, ent — 

Parl-ant, nous parl-ons, vous paii-ez, ils parl-eut, 

Finiss-ant, nous finiss-ons, vous finiss-ez, ils finiss-ent. 

Recev-ant, nous recev-ons, vous recev-ez, ils reqoivent, 

Vend-ant, nous vend-ons, vous vend-ez, ils vend-ent. 

(2) The imperfect of the indicative and the present of the 
subjunctive, by changing ant into ais and e — 

Parl-ant, je parl-ais. que je parl-e. 

Finiss-ant, je finiss-ais, que je finiss-e, 

Recev-ant, je recev-ais, que Je re 9 oiv-e. 

Vend-ant, je vend-ais, que je vend-e. 

All the compound tenses are formed with the past parti- 
ciple by means of the auxiliary verbs awtr and Stre; mfai 
parU, il a parU; famu regu, tu seras regu, Sc. , 

From the present of the indicative is formed the Impera- 
tive, by suppressing the pronouns ye, nous, vous; as ye parle, 
parle; nous finissons, finissons; vous recevez, recevez. 

From the past definite indicative is formed the imperfect 
of the subjunctive, by adding se to the second person of the 
singular: — 


Tu aimas, 
Tu finis, 
Tu re 9 us, 
Tu vendis. 


que j auuas-se. 
que je finis-se. 
que je re 9 us-se. 
que je vendis-se. 


NATURAL PHILOSOPHY.— CHAPTER X. 

HYPRODYNAMICS— MOTION OP FLUIUS — TOBRIOELLl’s THEO- 
REM — VELOCITY OP EPPLtrX — DISCHARGE BY ORIFICE IN 
THIN PLATE — VENA CONTRAOTA — DISCHARGE BY SHORT 
PIPES — FRICTION OP LONG PIPES — LOSS OF HEAD BY 
FRICTION, BY BENDS, AND BY CHANGE OF DIRECTION — 
FRICTION OF RUST IN PIPES — FOUNTAIN JETS — OBLIQUE 
JETS-— VELOCITIES OF FALLING BODIES. 

Hydrodynamics treats of the laws which govern the motion 
of non-elastic fluids, with the resistances which they oppose 
to bodies moving in them. Very little appears to have been 
known to the ancients of the laws of the motions of fluids, 
for even towards the close of the sixteenth century the action 
of the common pump in raising water was not understood, 
and Galileo explained the fact on the supposition that an 
attraction existed between the bottom of the pump piston 
and the water. It was not until after Torricelli, about 1640, 
discovered that the rise of the water was owing to atmospheric 
pressure on the surface of the water in the well in which the 
pump is immersed, and had made numerous experiments upon 
the velocity with which a fluid escaped from a small hole at the 
side of a vessel, that any advancement took place in understand- 
ing the laws concerning the flow of water through orifices and 
short pipes. Newton, in his ‘‘Principia,” sets forth a series of 
propositions concerning the motions of fluids, and investigates 
the resistance offered by fluids to bodies moving in them; and 
these investigations form the basis of our present knowledge. 
The further researches of Euler, Lagrange, Laplace, and other 
continental mathematicians, have since contributed greatly to 
establish the principles of hydrodynamics on an analytical 
basis, and the laws of the motions of fluids in canals and rivers 
have further been determined experimentally by the Abbe 
Bossut, in 1771, and the Chevalier du Buat, in 1786. 

In investigating the circumstances attending the discharge 
of fluids through orifices, the fluid is supposed to be divided 
into an infinite number of indefinitely thin laminse or stiata 
perpendicular to the axis, s b, of the vessel in which it is con- 
tained (fig. 1, Plate VII.), and that in the descent of the fiuid 
these laminm always preserve liieir parallelism till they come 
near the orifice, when they assume the shape of a funnel, 
about which the fluid is quiescent. Let the vessel be either 
cylindiical or prismatic, in a vertical position, and have an 
orifice whose height is a b. If q g', e t, be a vertical section 
through such a lamina, its area perpendicular to the axis being 
represented by a, and if a' be the area of the orifice a b; also if 
yr ex^iress the force of gravity, h the height b s, and v the velo- 
city of a particle of fluid at the bottom of the orifice; then the 
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relation between the velocity -i?, and the height A, will he found 

■V2 ■' 

from the equation 0 + or considering the 

orifice as infinitely small, so that a* and the whole first term 
of the second member vanishes, then or v 

But gh expresses the weight of a prism of fluid 
having unity for the area of its base, and whose height is h ; 
and this is the pressure of the fluid against a small orifice at 
the bottom of the vessel; but while the height h is* the same, 
the pressure is the same whatever be the position or inclina- 
tion of the orifice; therefore 's/%gh will express the velocity 
at the same depth, whether the orifice be at the bottom or 
side of the vessel. By the theory of forces, this is equal to 
the velocity that would be acquired by a body falling freely 
from the surface level of the liquid to the centre of the orifice 
from which it escapes. It would therefore follow from the 
above value of v, that the velocity of a fluid, spouting up- 
wards through an orifice in a vessel, would cause it to ascend 
to the level of the upper surface of the liquid in the vessel 
were the resistance of the air removed. Torricelli’s theorem 
may be therefore expressed thus:— velocity v is that 
which would he acquired hy the mass m in falling freely 
from the surface level of the liquid to the centre of the orifice. 
In this result each particle of the mass is supposed to move 
at right angles to the area of the orifice, and to escape into 
the air at a pressure equal to that at the surface level or 
pressure height under which the flow takes place. 

The accuracy of the results formulated by Torricelli’s 
theorem may be tested experimentally, for different liquids, 
by means of a vessel (fig. 2, Plate YII.) having apertures, 
0, D , E, in one of its sides, through any of which the water or 
other liquid it contains may escape. If the vessel a b be 
kept constantly full to the level a a, and one of these aper- 
tures be opened, as at o, the liquid will flow through it, and 
will descend in a curved path similar to that of a body pro- 
jected horizontally from a certain height above the ground. 
If the distance b p, and likewise the distances b a and b p for 
the flow from the apertures » and e be observed, the accuracy 
of the theorem can be tested; for, let the height ae=A, then, 
according to the theorem, if v be the velocity of the fluid at 
B, v~^/^gh^ and the velocity will be uniform and horizontal. 

Let t equal the time occupied by a particle, in moving from 
E to p, then by the second law of motion t also equals the 
time occupied by a body falling freely from e to b, which is 
equal to the time of describing b p with the uniform velocity 


V ; therefore tv : also e b = ; therefore e b = 

or = B p X \ / As therefore the distances b p and e b 
, 2eb , , 

are known by observation, the value v so ascertained can be 
compared with that given by the theorem, . a e). 

The quantity Of fluid that can be disclmrged from an orifice 
in any given time, is equal to that of a column whose base is 
the area of the aperture, and its height the space described 
in that time by the velocity acquired by falling through the 
altitude of the fluid. And the quantity of discharge is the same, 
whatever be the figure of the aperture, if its area be the same. 

Therefore, if A denote the altitude of the fluid, a the area 
of the orifice, and feet, or 193 inches; then 2a^hg 

will be the quantity of fluid discharged in a second of time, 
or nearly &i^a^/h cubic feet, when a and A are taken in feet. 
So let the height A be 25 inches, and the aperture a equal 
one square inch ; then 2ax/Ay == 2^25 x 193 = 139 cubic 
inches, which is the quantity of liquid discharged per second. 
Owing, however, to the resistance of the air, the resistance of 
the water against the sides of the orifice, and the oblique 
motion of the particles of the water in entering the aperture, 
it cannot be expected that experimental results exactly agree 
with theoretical calculation; and again, it is not merely the 
particles of liquid situated immediately in the column over 
the hole which enter it and issue forth, as if that column 
only were in motion; but also particles from all the surround- 
ing parts of the fluid which are set in motion, so that the 
particles entering the orifice strike against each other, and 
impede one another’s motion. From these causes only the 
particles in the centre of the aperture are discharged with the 
whole velocity due to the height of the fluid, the other 
particles towards the sides of the orifices pass out with 
diminished velocities; and the mean velocity of the liquid 
through the orifice becomes somewhat less than that of a 
single body only urged with the same pressure of the super- 
incumbent column of the fluid. Experimental results show 
that the quantity of water discharged through apertures must 
be reduced by these causes, rather more than the fourth part 
when the orifice is small, or such as to make the mean velo- 
city nearly equal to that in a body falling through one-half 
the height of the fluid above the aperture. 

The following table gives the discharge of water by circular 
openings of various diameters, and under different heads or 
pressure height of water. 


Table I. 


Head of Water in Inches. 


Uiam. 
Orifice in 
Inches. 

1 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

|.' . .24' 




Discharge through Orifice in Gallons per Minute. 






4-7 

6-6 

9*4 

11*5 

13*3 

14*8 

16*2 

17*6 

18*8 

19*9 

21 

22 

'■■,23:, 

2 , 1 

18-8 

26*4 

37*6 

46*0 

53*2 

69*2 

64*8 

70-4 

75-2 

79*6 

84 

88 

92 

3 

42-2 

59*4 

84-6 

103 

120 

133 

146 

158 

169 

179 

189 

198 

207 

4 

75-2 

106 

150 

184 

213 

237 

269 

281 

301 

318 

336 

352 

368 

5 

117 

165 

235 

287 

332 

370 

405 

440 

470 

497 

625 

550 

575 

6 

169 

237 

338 

414 

479 

533 1 

583 

663 

677 

716 

756 

792 

828 

7 

230 

310 

460 

563 

652 

725 1 

794 

862 

921 

975 

1029 

1078 

1127 

8 

301 

422 

601 

736 

851 

947 

1037 

1126 

1203 

1273 

^ 1344 

1408 

1472 

9 

381 

534 

761 

931 

1077 

1199 1 

1312 

1425 

1523 

1612 

1701 

1782 

1863 

10 

470 

660 

940 

1150 

1330 

1480 

1620 

1760 

1880 

1990 

2100 

2200 

2300 

12 

676 

952 

1353 

1656 

1915 

2134 

2333 

2534 

2707 

2865 

3024 

3170 

3312 

14 

920 

1241 

1842 

2254 

2606 : 

2901 

3176 1 

3460 ! 

3684 

3900 

4116 

4312 

4508 

16 

1203 

1690 

2406 

2944 

3405 

3789 

4147 

4506 

4813 

5094 

6376 

6632 

5888 

18 

1523 

2138 

3045 

3726 

4309 

4795 

5249 , 

5702 

6091 

6447 

6804 

7128 

7462 

20 

1880 

2640 

3760 

4600 

6320 

5920 

6480 

7040 

7520 

7960 

8400 

8800 

9200 

22 

2275 

3194 

4650 

5566 

6437 

7163 

7841 

8518 

9099 

9632 

10164 

10640 

11132 

24 

velocity in^j 

2704 

3808 

6414 

6624 

7660 

8536 

9332 

10136 

10829 * 

11460 

^ 12096 

12680 

■13248 

feet per j- 
second. J 

2‘32 

3‘275 

4*63 

6*67 

6*56 

7-32 

8*03 

8*67 

9*27 

9*83 

10*36 

10*87 

11*35 


When the discharging aperture is made in a thin plate, it of water approaching the orifice cause a contraction in the 
has been found by experiment that the converging currents issuing fluid, so that instead of a parallel or cylindrical 
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flow it becomes a stream of diminished breadth, assuming a 
conical form, the greatest contraction being at a point whose 
distance from the plate is half the diameter of the orifice, 
and its diameter *784, that of the orifice being 1. The form 
of the curve in the stream, from the plate to the point of 
greatest contraction, is that of a circle whose radius is 1*22 
times the diameter of the orifice. This contraction of the 
issuing stream is termed the mwi contracta. When the 
height of a head of water in a vessel and the diameter of an 
orifice in its base or side are given, the discharge of water 
through the aperture — if of considerable thickness so as to 
form a short tube, not less in length than twice the diameter, 
or through a tube inserted in the orifice, its length not ex- 
ceeding three or four times its diameter — ^is to that through 
the simple orifice nearly in the ratio of 12 to 11; and with a 
given diameter at its furthest extremity, the tube which in , 
form coincides most nearly with the natural fi^re of the i 
uem coifitracta gives the greatest discharge. TMs is shown j 
in fig. 3, Plate VII., where a is the aperture, b the vena ] 
contracta or greatest contraction of the stream, and b o the 
length of the tube, some three or four times its diameter. 
The increase of discharge, in the ratio of 24 to 10, is shown 


at B. In fig. 4 the tube m nof is attached horizontally to 
the reservoir ado b. The tendency of the particles of fluid 
on issuing through the aperture, m n, would first be to 
describe the two parabolas, umw,isny. But the particles 
colliding with each other thus destroy the parabolas, and the 
fluid has then a constant tendency to contract. The length 
of the tube causes the liquid to accumulate, and it issues 
from the mouth o p in a full stream, but diminished in 
velocity. If a tube, mnr 8 , be inserted into a vessel, a b o n 
(fig. 5), the velocity of the discharging fluid through the 
aperture, m will be increased nearly in the suh-duplicate 
ratio of the length of the pipe. 

The general rule for calculating the discharge of fluids by 
short tubes is where a is the number of 

gallons, h the height or head of water, and d the diameter 

of the pipe m inches, (^)^, and d= 

The annexed table will be found a useful reference for the 
actual discharge by short pipes of various diameters^ with 
square edges, and under different heads of water pressure, 
being eight-tenths of the theoretical discharge. 

,E II. 


Diameter 

in 

Inches. 


Head of Water in Inches. 

1 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

Discharge in Gallons per Minute. 

3-76 

5*28 

7-52 

9*2 

10*6 

11*8 

13-0 

14*1 

15*0 

16*9 

16*8 

17*6 

18*4 

15*04 

21*12 

30*01 

36*8 

42*6 

47-4 

51*8 

66*3 

60*2 

63-7 

67*2 

70-4 

73-6 

33*08 

47*05 

67-07 

82*4 

96*0 

106*4 

116*8 

126 

136 

143 

151 

158 

166 

60*02 

84*08 

120 

147 

170 

189 

207 

225 

241 

254 

269 

282 

294 

93*06 

132 

188 

230 

266 

296 

324 

352 

376 

398 

420 

440 

460 

135 

190 

270 

331 

382 

426 

466 

530 

542 

573 

606 

634 

662 

194 

248 

368 

450 

622 

580 

636 

689 

737 

780 

823 

862 

902 

241 

338 

481 

589 

681 

768 

829 

901 

962 

1018 

1075 

1126 

1178 

305 

427 

609 

745 

863 

959 

1049 

1140 

1218 

1290 

1361 

1426 

1490 

376 

528 

762 

920 

1064 

1184 

1296 

1408 

1604 

1592 

1680 

1760 

1840 

541 

762 

1082 

1326 

1532 

1707 

1866 

2027 

2166 

2292 

2419 

2536 

2650 

736 

993 

1474 

1803 

2085 

2321 

2640 

2760 

2947 

3120 

3293 

3450 

3606 

962 

1352 

1925 

2356 

2724 

3031 

3318 

3606 

3850 

4075 

4301 

4406 

4710 

1218 

1710 

2436 

2981 

3447 

3836 

4199 

4562 

4873 

6158 

5443 

5702 

5962 

1504 

2112 

3008 

3680 

4256 

4736 

6184 

5632 

6016 

6368 

6720 

7040 

7360 

1820 

2552 

3640 

4452 

5149 

5730 

6272 

6814 

7279 

7705 

8131 

8518 

8905 

2163 

3046 

4331 

5299 

6128 

6828 

7465 

8108 

8663 

9168 

9676 

10144 

10598 


3 

4 

5 

6 

7 

8 
9 

10 

12 

14 

16 

18 

20 

22 

24 


Thus for a 9-inch pipe discharging 863 gallons per minute 
the table shows that the head of water necessary to generate 
the velocity at entry into the pipe is 8 inches. These calcu- 
lations are irrespective of friction, which for pipes of so short 
a length may be considered as practically of no importance. 
Supposing it was required to determine the amount of head 
which wiU he required for the velocity at entry of the inlet 
end of a main from a reservoir, the table will give the head 
pressure required. When, however, as is usually the case, 
the pipe is of considerable length, the loss of head due to 
friction in the pipe must be allowed for; because in a long 
pipe there is not only the loss due to the velocity at entry, 
but there is also that due to the friction of the water against 
the sides of the pipe. Therefore the head pressure consumed 
is divided into two portions, one the amount due to the 
velocity of entry, irrespective of friction, and the other the 
amount of loss due to friction alone. To generate, there- 
fore, the same velocity of flow in a long pipe as in a short 
tube, the head pressure for the long pipe must be the sum of 
that required for the velocity of entry and that requisite to 
compensate the friction of the long pipe. The loss of head 
pressure by friction may be obtained by the following rules: — 

^ \ and A = when I is the length of the 

pipe in yards, h the head of water in feet, d the diameter 

of pipe in inches, and a gallons per minute; d 
.{ZiTfxh 


The employment of logarithms will be found 


greatly to facilitate the working out of any required results 
from the formula. For instance, to find the discharge by a 
7-inch pipe 3760 yards long, with a 42-feet head; then — 

7x3 = 21 = 1*32219 
5 


X 42 = 


6*611095 

=1*623249 


8*234344 

r3760=3*575188 


2)4*659156 


2*329578 = 214 gallons per minute. 

If it be required to find the head pressure necessary to 
discharge 300 gallons per minute by an 8-inch pipe 4000 
yards long; then — 

300=2*477121 


4*954242 
X 4000= 3*602060 


8*556302 

8 X 3 = 24=1*380211 x 5 = 6*901055 


1*655247=45*21 feet head. 
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Again, to find the diameter of pipe to discharge 120 gallons 
per minute with a 54 feet head, the length being 276 yards. 
120=2*079181 
2 

4*158362 
X 275 = 2*439332 

6*597694 
^54 = 1*732393 

6)4*865301 

*973060=9*39, and-?^ =3*13 inches diameter. 

3 


For instance, having the o, I, and given, it is easy m 
find A In the table opposite the given number of gallons, 
and under the given diameter, is found the head due to a 
length of one yard, and multiplying that number by the 
given length in yards gives the required head of water in 
feet. Again, to find d, having A, and a given: divide the 
given head of water in feet by the given length in yards, 
and the nearest number thereto in the table opposite the 
given number of gallons will be found under the required 
diameter. As it would occupy too much space to give more 
than the most important diameters and deliveries per niinutej 
intermediate quantities and diameters must be calculated by 
the rules given. Again, to find o, having A, and d given: 
divide the given head of water in feet by the given length 
in yards, and the nearest number thereto in the table, under 
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TABIiB III. 



Diameter of Pipe in. Inches. 

ijaiiOQs 

per 

2J 

3 

4 

6 

6 

7 

8 

9 

Minute. 












I 

lead of Watei 

in Feet 




5 

•001053 

*000423 

*000100 






10 

•00421 

*00169 

•000401 

•000131 

•00(3»b62 

•000024 

•000012 

•0000069 

20 

•01685 

•00677 

•00160 

•000526 

•000211 

•000097 

•000060 

•0000278 

30 

•03792 

•0152 

•00361 

•001185 

•000476 

*000220 

*000113 

•0000627 

40 

•06742 

•0271 

•00643 

•002003 

*000804 

•000372 

'000191 

•0001060 

50 

*1053 

•0423 

•01004 

•003292 

•001323 

•000612 

•000314 

•0001742 

60 

•1517 

‘0609 

•01446 

•004741 

•001905 

•000881 

*000452 

•0002569 

70 

*2064 

*0830 

*01969 

•006453 

•002593 

*001200 

•000616 

•0003416 

80 

*2696 

•1084 

•02572 

•008428 

•003386 

•001567 

•000803 

*0004460 

90 

•3413 

•1372 

•03255 

*010667 

•004286 

•001983 

*001017 

•0005646 

100 

•421 

*169 

•0401 

•01317 

•005292 

•00244 

*001256 

•00069 

150 

*948 

•381 

•0904 

•02963 

•011907 

•00551 

*002826 

•00156 

200 

1*685 

*677 

•1607 

*05268 

*021168 

*00979 

•005024 

•00278 

250 

2*633 i 

1*068 

•2611 j 

•08231 

•033075 

•01530 

•007860 

•00435 

300 

3*792 1 

1*524 

•3617 i 

•11863 

•047628 

*02204 

•011304 

•00627 

350 

5*162 

2*076 

•4923 

•16133 

•064827 

*03000 

•015386 

•00853 

400 

6*742 

2*710 

*6430 

•21072 

*084672 

*03918 

•020096 

•01115 

450 

8*53 1 

3*43 

*813 1 

•2666 

*10716 

•04959 i 

*025434 

•01411 

500 

10*53 1 

4*23 

1*004 1 

*3292 

•13230 

•06122 

•031400 

■01742 

600 

15*17 

6*09 

1*446 

•4741 

•19051 

*08816 

*045216 

•02509 

700 

20*64 

8*30 

1-969 

•6453 

•26930 

•12000 

*061544 

•03415 

800 

26*96 

10*84 

2-672 

•8428 

•33868 

•15673 

•080384 

*04460 

900 

34*13 

13*72 

3*265 

1*0667 

*42865 

•19836 

*101736 

•05645 

1000 

42*14 

16*94 

4*019 

1*3170 

*52920 

•24490 

•126600 

*06970 


Table III. — Continued, 







Diameter of Pipe in Inches. 






Gallons 

per 

6' 

6 

7 

8 

« i 

10 

12 

14 

16 

18 

20 

21 [24 

Minute. 





Head of Water in Feet 






2000 

6*2 

2*11 

•97 

•60 

•27 

•164 

•066 

•0306 

*0156 

•0087 

•0051 

•0040 *0020 

3000 

11*8 

4-76 

2*20 

1*13 

•62 

•370 

•148 

*0688 

•0353 

•0196 

*0115 

•0090 *0046 

4000 

21*0 

8-46 

3*91 

2*00 

1*11 

•658 

•264 

•122 

•0627 

•0348 

•0205 

*0161 *0082 

5000 

32*9 

13*23 

6*12 

3*14 

1*74 

1*02 

•413 

•191 

•0981 

•0544 

•0321 

*0261 *0129 

6000 

47-4 

19*05 

8*81 

4*52 

2*50 

1*48 

•695 

*275 

*141 

•0784 

•0462 

*0362 *0186 

7000 

64*5 

25*93 

12*00 

6*15 

3*41 

2*01 

•810 

•374 

*192 

•107 

*0630 

*0493 ‘0253 

8000 

84*2 

33*86 

15*67 

8*03 

4*46 

2*63 

1*05 

*489 

*251 

•139 

•0823 

*0644 *0330 

9000 

106-6 

42*86 

19*83 

10-17 

5*64 

3*33 

1*33 

•619 

•317 

i *176 

•104 

•0816 *0418 

10,000 

131-7 

52*92 

24*49 

12*56 

6-97 

4*11 

1*65 

•765 

*392 

; *217 

*128 

*100 *0516 

20,000 

626*8 

211*68 

97*96 

50*24 

27*88 

16*46 

6*61 

3*06 

1*56 

' *871 

•514 

•403 *206 

30,000 



... ' 

• •• 




6*88 

3*53 

1*96 

1*15 

•906 *465 

40,000 


... 



• •• 



12*24 

6*27 

: 3*48 

2*05 

1*61 ‘826 

60,000 








19*12 

9 81 

5*44 

3*21 

2*51 1*29 

60,000 







. . . 

27*54 

14*12 1 

7*84 

4*62 

3*62 1*86 

70,000 








37*49 

19*23 1 

10*71 

6*30 

4*93 2*63 

80,000 








48*97 

25*11 

13*93 

8*23 

6*44 3*30 

90,000 






•• 


61-97 

31*78 

17*64 

10*41 

8*16 4*18 

100,000 

... 

... 

... 



... 1 


76*51 

39*24 

21*78 

12*86 

10*07 5*16 




410 


I^ATUBAL PHILOSOPHY. 


the given diameter, mil be found opposite the required number 
of gallons. Further, to find I, having A, q, and c? given: 
divide the given head by the head for one yard found in 
the table under the ^ven diameter, and opposite the given 
number of gallons, and the result will be the required len^h. 
In order to facilitate\.the calculations for any interme(fiate 
numbers, it may be observed that the head varies as the 
square of the discharge, so that, for instance, ten times any 
given discharge will require 100 times the head, &c. Thus, 
with 100 gallons the table shows that a 5-mch pipe requires 
*01 31 *7 foot head per yard; then with 1000 gallons the 
head would be *01317 x 100= 1*317 foot; and with 10 gallons 
*01317 

-^^^ = *0001317 foot. 

The application of this principle to any case in practice is 
very simple; suppose it is required to find the head for 35 
gallons with a 2|-inch pipe 650 yards long. Not finding 
35 gallons in the table as given, take 350, the head for which 

is 5*162, therefore for 35 gallons it will be = *05162. 

The head required therefore will be *05162x650=33*553 
feet. 

To the head thus found by the rules given and the table 
must be added that due to the velocity of entry of the 
fluid into the orifice of the pipe. When the pipe is of the 
common form with square edges, as in fig. 4, Plate VII., 
Table 11. gives the head for velocity direct. For very long 
pipes this is so small in proportion to the head due to 
friction, that in most cases it may he omitted. But when 
a pipe is very short, the head due to velocity may be much 
greater than the head due to friction. Let there be an 
18-inch pipe 20 yards long, discharging 3000 gallons per 
minute. By Table HI. (which gives the head of water 
consumed hy friction with pipes one yard long) the friction 
is *0196x20= *392 foot; and the head due to velocity by 
Table II. is 6 inches or *5 foot, being greater than the head 
due to friction; so that the total head is *392+ *5 = *892 foot. 
The general law regarding the discharge of pipes may he given 
as follows : — The discharge hy any pvpe^ or series of pvpes^ 
is proportional to the square root of the head; and the 
head is proportional to the square of the discharge. There 


is another source of loss of head in j)ipes, namely, by 
change of direction or bends. The Mowing is the formula 
for calculating this loss — 

H=C131 + {l-847x(|)^)x^; 

960 xH 

and V®= — y* 

®xC131 + (l-847x in which 

H=the head due to change of direction, in inches. 
r = radius of the bore of the pipe, in inches, 

E= radius of the centre line of the bend, in inches. 

4? = angle of bend, in degrees. 

V= velocity of discharge, in feet per second. 


If it is required to find the loss of head by a bend of 9 
inches radius in a 6-mch pipe, discliarging 800 gallons per 
minute, with an angle of 55^, a 6-inch pipe will contain 

roughly ~ = 1*2 gallon per foot length, and the velocity of 
30 


800 


discharge will be ^—^ ==11*1 feet per second. To find 


ft)*. 


or in the present case 


the log. of *3333=1*522835 
7 


(i)‘. 


there is g = '3333, and 


2)4-669845 

2-329922 = -02137= (1)5. 
n*l^ y 55 

Then (*131 + (1*847 x *02137) x — - =1*2 inch the head 

required. Table IV. gives the loss of head for bends in water 
pipes, both for the ordinary radius, and also for the loss by 
quick bends or elbows. It requires little explanation; by it 
it will be seen that an ordinary 8-inch bend, with a radius of 
18 inches, consumes 3 inches head when discharging 1970 
gallons per minute; while a quick 8-inch bend, with a radius 
of 6 inches, consumes 12 inches when passing nearly the 


Table IV. — For bends in pipes, showing^oss of head by change of direction by one lend of 90®, 


Diam. 

Eadins 

Centre 






Head of Water Lost in Inches. 




















Pipe. 

Bend 

i 1 

i 

s 

1 

H 

2 

3 

4 

6 

6 


12 

18 

24 


















Inches. 






Gallons Discharged per Minute, 






2 

12 

36 

51 

63 

73 

81 

103 

126 

146 

163 

179 

219 

252 

309 

368 

3 

12 

83 

117 

144 

166 

203 

235 

288 

332 

371 

407 

498 

576 

706 

814 

4 

12 

145 

205 

252 

291 

356 

411 

604 

582 

650 

713 

873 

1008 

1233 

1426 

6 

18 

229 

324 

396 

458 

561 

648 

793 

916 

1024 

1122 

1374 

1686 

1944 

2244 

6 

18 

328 

464 

568 

656 

803 

928 

1136 

1312 

1467 

1607 

1968 

2272 

2784 

3124 

7 

18 

437 

618 

767 

874 

1070 

1236 

1614 

1748 

1954 

2141 

2622 

3028 

3708 

4282 

8 

18 

568 

804 

985 

1137 

1393 

1608 

1970 

2274 

2542 

2786 

3411 

3940 

4824 

5572 

9 

18 

709 

1002 

1228 

1418 

1737 

2005 

2456 

2836 

3170 

3474 

4264 

4912 

6015 

6948 

10 

18 

857 

1212 

1484 

1714 

2100 

2424 

2968 

3428 

3832 

4199 

5142 

6936 

7272 

8398 

12 

21 

1225 

1733 

2122 

2451 

3003 

3466 

4245 

4902 

6480 

6005 

7353 

8490 

10398 

12010 

15 

24 

1864 

2635 

3228 

3728 

4567 

5271 

6457 

7466 

8336 

9134 

11184: 

129141 

15813 

18268 

18 

27 

2626 

3714 

4549 

6253 

6436 

7428 

9098 

10506 

11745 

12870 

16759 

18196 

22284 

25740 

21 

30 

3490 

4935 

6044 

6980 

8550 

9870 

12089 

13960 

16607 

17100 

20940 

24178 

29610 

34200 

24 i 

33 

4477 

6330 

7754 

8964 

10968 

12661 

15608 

17908 

20021 

j 21937 

i 26862 

31016 

37983 

43870 

Quick Benda. 

2 

3 

32 

46 

56 

65 

79 

92 

112 

130 

145 

159 

195 

214 

276 

318 

3 


63 

89 

109 

126 

164 

178 

218 

252 

282 

309 

378 

436 

634 

618 

4 

4 

98 

139 

170 

197 

241 

278 

341 

394 

440 

480 

691 

682 

834 

966 

5 


136 

172 

236 

272 

333 

385 

472 

544 

608 

666 

816 

944 

1155 

1332 

6 

5 

181 

256 

314 

362 

443 

612 

629 

724 

809 

886 

1086 

1258 

1536 

1774 

7 


229 

322 

396 

458 

561 

646 

793 . 

917 

1024 

1122 

1374 

1586 

1935 

2244 

. 8 

6 

281 

398 

487 

563 

689 

796 

975 

' • 

1126 

1259 

1379 

1680 

1950 

2388 

2768 
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same quantity, or 1950 gallons. These heads, given in the 
table, are due simply to change of directiony^xA do not 
include the head due to velocity or friction in the pipe. 

The total loss of head by friction in long pipes has there- 
fore to be considered under three divisions—thejoss of head 
by velocity of entry, the loss from friction in the pipe, and 
the loss by change of direction. The above table ^ves the 
loss for bends of 90“ or quarter bends, but it is applicable to 
any other angle, for the loss of head is proportional to the 
angle; thus a bend of 45° will consume haft the head of a 
bend of 90°, while a bend of 180° will consume double the 
amount, and so on. 

In laying down water mains through a town, the diameters 
of the pipes in the several districts to which the supply is 
carried will vary according to the service required. In this 
case the head for each must be separately calculated and the 
sum-total taken, and the head for the bends then added. 
Again, the street lead-off service pipes from the main vary 
with the supply to the houses. A -l-ineh pipe will give an 
intermittent supply to a house with six or seven rooms, a 
l-inch pipe for ten rooms, |-inch pipe for sixteen rooms, and 
1-inch pipe for twenty-five or thirty rooms as a general rule. 
The discharging power of long pipes varies as the 2*5 power 
of the diameter; thus, 42*5 = 32 . Therefore, thirty-two pipes 
I inch diameter will be required to deliver, with the same 
head and length, the same quantity of water as a 4-mch pipe. 
The annexed table gives the branch service mains for water 
supply in towns. 

Table V. 


Diameter of Lead Service Pipe. 


Diameter 
of Branch 
Mains. 


1 

1 

1 


Number of Houses Supplied. 



15 1 

9 

6 

3 

2 

32 1 

18 ' 

12 

6 


56 1 

32 

20 

10 

3 

88 

50 

32 

16 

3i 


74 

47 

23 

4 

. ... 

104 

66 

32 


The friction of pipes has been considered only in reference 
to pipes having a clean and smooth interior surface, such as 
that of a new cast-iron pipe, but the action of some soft 
waters which contain a large amount of oxygen rapidly de- 
composes the surface of the iron, forming rust, which is 
deposited over the interior surface in nodules and lumps. 
The increased friction from this cause is often very serious, 
and greatly reduces the amount of actual discharge. A water 
main at Torquay, some 14 miles in length, which should 
have discharged 616 gallons a minute, by the friction of de- 
posited rust in the pipes fell off to 317 gallons per minute, or 
a loss of about 50 per cent. To prevent the action of rust, 
water pipes are usually coated over inside with a black varnish 
by a process invented by Dr. Angus Smith, and pipes so 
treated are found to last for years without being attacked 
by rust. 

The laws regarding the issue of water in vertical columns 
or jets from a nozzle under a given head of pressure, such as 
fountain jets, &;c., are at present very undetermined, and 
upon this subject more experimental information is necessary. 
Theoretically, when water issues vertically from a nozzle, as 
at M (fig. 6, Plate VI.), it should rise to the height 0 b 
of the head a b, but it is always found that the height of 
the jet is less than the head, a loss being caused by the 
resistance of the air. This difference is found to increase 
with the absolute height of the jet, and to diminish with an 
increase in the diameter. The best data on the subject are 
derived from the jets at Chatsworth and other well-known 
places, and are given in the annexed table, and from these 
results it will be observed that the difference between the 
height of the h^d and that of the jet is found to increase 
nearly in the ratio of the square of the head. 


Table VI. — Expebiments on fHB heioht of FonNo^AiN 

JETS WITH DIFFERENT HEADS. 


Diam. of Jet, 
in Inches, 

.£3 «> 

^ <» 

Height of Jet^ 
in Feet. 

Error. • 

Loss of Height 
by Jet, in Feet. 

Place. 

cu 

Experi- 

ment. 

Calcu- 

lated. 

Experi- 

ment. 

Calcu- 

lated. 


365 

284 

282 

-2-0 

81 

83 

Chatsworth. 

If 

64 

61 

60*1 

-.0*9 

3 

3-9 

Witiey Court. 

u 

92 

84 

83*86 

-0*14 

8 

8-14 

it ■ 

u 

115 

103 

102*3 

»-0-7 

12 

12*7 

it 

1 

445 

109 

136*0 

4-27*0 

336 

309 

Torquay. 

i 

46 

43 

41*2 

~l-8 

3 

4*8 

Witiey Court 

ti 

69 

62 

59*0 

-3-0 

7 

10*0 


n 

92 

77 

74*4 

-2*6 

16 

17-6 

a 

u 

115 

93 

87*5 

-6*5 

22 

27*5 


u 

141 

98 

99-6 

-fl-6 

43 

41-4 

a 

u 

162 

106 

107*3 

+1*3 

56 

54-7 

(( 

# 

15 

14*25 

14*44 

■fO-19 

0*75 

0*56 

Weisbach. 


30 

27-81 

27*76 

-0*06 

2*19 

2*25 

u 

it 

45 

39-42 

39*94 

+0*52 

5*68 

5-06 

u 

u 

60 

48*36 

51*00 

+2*64 

11-64 

9*00 

tl 

I 

15 

14*04 

14*06 

-1-0*02 

0-96 

0*94 

it 

n 

30 

26*44 

26-25 

—0-19 

3-56 

3-76 

(( 


45 

36*18 

36-56 

+0*38 

8-82 

8-44 

u 

It 

60 

42*96 

46-00 

4-2*04 

17-04 

16*00 

u 

it 

32 

27 

27-7 

4.0*7 

5 

4-3 

Witiey Court 

u 

46 

36 

37-2 

-1-1*2 

10 

8*8 

■ 

u 

95 

55 

67-4 

+2*4 

40 

37-6 

u 

it 

118 

63 

60-0 

-3*0 

55 

68-0 

u 


28*8 

19 

21-9 

4-2*9 

9-8 

6-9 


41 

64 

30 

30*0 

0.0 

34*0 

34-0 



Taking f-inch jet with 160 feet head, if there had been no 
resistance from the air it should have risen 160 feet, but by 
experiment it is found to rise only 80 feet; the difference is 
therefore 80 feet, and the difference h! is 80 feet. If with 
80 feet head, the jet should rise 80 feet, but experimentally it 
is found to rise only 60 feet; the loss K therefore is 20 feet. 
From these results it appears that with heads in the ratio of 
1 to 2, the loss is in the ratio 1®, 2^, or 1 to 4, being 20 feet 
and 80 feet. Again, the head being constant, it is found that 
h varies nearly in the inverse ratio to the diameter of the 
jet; because with 80 feet with a ^-inch jet 20 feet is lost, and 
with a 1-inch jet the loss would be about 10 feet, and the 
height of the jet 70 feet; while with J-inch jet the loss would 
reach about 40 feet and the height attained 40 feet. The 
formula for calculating the height of jets based upon the above 

TT2 

data may be given as A' x *0125; in which H is the head 
a ... .. > . ■ 

pressure on jet in feet; h! the difference between the height 
of head and the height of jet; d the diameter of jet in J-inch. 
With this formula it will be found that each particular 
diameter of jet attains its maximum elevation with a certain 
head pressure, and that if the head is increased beyond that 
point, the height of the jet becomes less. The cause of this 
may be that the issuing stream by excessive pressure is 
broken into spray, and thus meets with greater resistance 
from the air than a jet of solid water thrown up by a more 
moderate pressure. When excessive pressuic is employed the 
loss h is enormous. With a jet 1-inch diameter and 445 feet 
head, the elevation attained was only 109 feet. The amount 
of water discharged varies considerably with the form of the 
nozzle, and the solidity of the issuing stream is also affected 
as well as the height of the jet. As jets are generally placed 
at the end of a long pipe or series of pipes, as in the instance 
of the fountains at the Crystal Palace and other places, allow- 
ance must be made for the loss of head by the friction in 
such pipes so as to obtain the actual head on the jet^ for 
which only the formula and table has value. 

When the discharge of the jet takes place in an oblique 
direction, and out of the perpendicular, the path described 
by the water is that of a parabola. For calculating the 
velocities of discharge and heights of jet, &c., the annexed 
tables of velocities in falling bodies will be found useful 
references: — ... 
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TIL — Space FALLEN oteofgh by bodies ro aoqtjiee 

OEBTAIN VBLOOmES. 


Velocity 
in feet per 
Second, 

Space. 

Velocity 
in feet per 
Second. 

Space. 

Velocity 
in feet per 
Second. 

Space. 


Ft. 

In. 


Ft 

In. 


Ft 

In. 

1 

0 

0]p^ 

21 

6 

10 

41 

26 

1 

2 

0 

Of 

22 

7 

6 

42 

27 

6 

3 

0 


23 

8 

3 

43 

28 

9 

4 

0 

3 

24 

9 

0 

44 

30 

1 

6 

0 

4^ 

25 

9 

9 

45 

31 

6 

6 

0 

6| 

26 

10 

6 

46 

32 

10 

7 

0 


27 

11 

4 

47 

^ 34 

4 

8 

1 

0 

28 

12 

3 

48 

36 

10 

9 

1 

3f 

29 

13 

0 

49 

37 

4 

10 

1 

61 

30 

14 

0 

50 

38 

11 

11 

lioi 

31 

14 

11 

62 

42 

0 

12 

2 

3 

32 

15 

11 

54 

45 

4 

13 

2 

7i 

33 

16 

11 

56 

60 

0 

14 

3 

o| 

34 

18 

0 

58 

52 

0 

16 

3 

6 

36 

19 

0 

60 

66 

0 

16 

4 

0 

36 

20 

1 

62 

69 

8 

17 

4 

6 

37 

21 

5 

64 

63 

8 

18 

5 

0 

38 

22 

6 

66 

67 

8 

19 

5 

7 

39 

23 

9 

68 

72 

0 

20 

6 

3 

40 

24 

11 

70 

1 76 

0 


Table Till. — F alling Bodies. 


Time, 

Seconds. 

Whole 

Space 

Fallen. 

Velocity 
acquired, 
Feet per 
Second. 

Time, 

Seconds. 

Whole 

Space 

Fallen. 

Velocity 
acquired, 
Feet per 
Second. 

ds 

h 

h 

1 

Ft. In. 

0 in 
0 

1 5| 

2 61 

4 0 

5 

710 

10 2f 
12 1l| 
16 0 

3-2 

6*4 

9-6 

12-8 

16-0 

19*2 

22-4 

25*6 

28*8 

32*0 

1^ 

1^ 

If^ 

lf<y 

li% 

hi 

2 

Ft, In. 
19 4f 
! 23 0| 
27 0| 
31 4| 
36 0 ; 
41 0 

46 2f 
51 1 

57 

64 0 

35-2 

38*4 

41-6 

44*8 

48*0 

51*2 

54-4 

67-6 

60*8 

64*0 


Oblique jets of great height and range, such as those from 
the hose of a fire engine, deviate considerably from the true 
parabolic curve, but for moderate heights and ranges, such 
as usually occur, the deviation is not considerable. The 
construction of ornamental jets, where the issuing stream 
is made to assume various forms, may be used with great 
effect in the interior of conservatories, &c., where the air 
is quiet, or in very sheltered situations. These ornamental 
jets are called by various names: the “convolvulus,” in 
which, by the pressure of a very small head, the water escapes 
horizontally in a very thin and flat circular sheet, which, 
falling over, produces the convolvulus shape, and to produce 
a sheet 3 feet in diameter will require 6 gallons per minute; 
the “ dome,” or globe jet, in which by a 2 feet head the 
water forms a hollow globe, falling downwards, of about 14 
inches diameter, with an expenditure of some 3 gallons per 
minute. The “basket and ball” is another curious variety, 
in wliich a ball is caught up by the jet and kept balanced 
upon the top of the column of water, the basket being 
placed to catch the ball should it lose its equilibrium and 
return it back to the jet to be once more thrown up. 

An ingenious form of self-acting fountain, said to have 
been invented by Hero of Alexandria, is shown *7, 
Plate VI.): w v is a basin containing water, and from the 
bottom of this vessel a tube, a b, descends into a lower 
chamber, po, containing air and water. Underneath the 
basin is attached a second air-tight vessel, l m n k, into 
which the tube, g p, descends through the basin nearly to 
the bottom. A connecting tube, t s, passes from the top 


of the lowest vessel through the chamber m n, reaching 
nearly to the bottom surface of the upper basin; the ad- 
jutage is fixed at G. The action of the fountain is simple. 
The chamber l m n k is filled with water up to the level of 
the tube t; a certain amount of air will therefore remain 
confined in the vessel unable to escape. When water is 
poured into the basin wv, it descends through the tube 
A B into the lower chamber p o, until the compressed air 
in that chamber, acting upon the surface of the water c co, 
balances the column of water ab. This compressed air, 
passing up the tube s v, will also act upon the surface, e e, 
of the water in the upper chamber, which cannot escape 
up the tube fg so long as the stopcock a is closed. On 
this being opened the jet g h is forced up, and as the water 
falls into the basin it descends through a b into the lower 
chamber, the water in which, increasing in volume, is con- 
stantly compressing the air, and by this means the pressure 
is kept up, and the fountain continues to play so long as 
any air is left in the lower chamber. When this is full it 
is emptied by the tap and tube r. 


ARITHMETIC.— CHAPTER T. 
multiples, measures, and factors defined. 

THE GREATEST COMMON MULTIPLE — THE GREATEST COMMON 
MEASURE — EXERCISES. 

Multiplication means the increasing of things. It is seen 
by experience to be a property of many of the things that 
exist around us to increase in numbers, and it becomes our 
interest to know how to calculate the results of all the possible 
multiplications we may feel interested in. Multiplication is 
the process by which this is worked out by figures in arith- 
metic. In many frequently recurring cases we have acquired 
by habit and exercise the capacity of almost instantaneously 
perceiving the parts, or collocations of parts, which will make 
up the wholes of the numbers we require, that is, the multiples 
of certain given numbers. 

Divisibihty, in its ordinary signification, is that property of 
things by ’which they are separable into parts, or are regarded 
by the mind as so separable. In division of whole numbers 
the term divisible means separable into definite parts without 
introducing fractions into the result. Division, as an arith- 
metical process, denotes the operation by which we ascertain 
how many times and parts of times one number is contained 
in another. In actual practice, division consists of a con- 
tinual approximation towards the result. If the given num- 
bers are 842 to be divided by 2, and 1284 -r 4, they immedi- 
ately resolve themselves into 

800-7-2 = 400 ) 1200-5-4=300 ) 

40-2= 20 U2I. Ans. 80-r4= 20 >321. Ans. 
2-5-2= 1 ) 4^4= 1 ) 

Similarly, 

67635-5-6= ")6000Q *)7000 «)600 '^)30 ®)5 ) ^ jok 27 
12000 + 1400 + 1204- 6+‘l ) 

A great many facts regarding multiplication and division 
have been collected by mathematicians, and have been re- 
duced to formulae and rules, upon which we can rely foi 
working out questions of various sorts in wliich these processes 
are involved. These are technically called multiples and 
measures, and a knowledge of the facts about them enables us 
often greatly to abbreviate the labour of multiplication and 
division. The processes are in themselves of no very great im- 
portance or difficulty, but they come to be of great service when 
we require to pursue our studies in arithmetic beyond whole 
numbers, and proceed to investigate and apply the arithmetic 
of fractions. A few explanations and examples of these facts 
concerning the readiest possible methods of simplifying arith- 
metical processes ’will not only inform us upon these points, 
but confirm and exercise our knowledge of multiplication and 
division. 

When one number divides another ’without leaving any 
remainder, or is contained in it an exact number of times, it 
is said to measure it or to be a measure of that number. 
Again, a number that can be measured by any other is called 
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%, mv,ltvplt of that other number. Suppose that we have a 
log of wood, of considerable length, to measure, and that we 
are provided with two rods, one 3 and the other 6 feet long, 
but without any divisions marked upon them. We will only 
be able to effect the required measurement, should it happen 
that the length of the log is some determinate number of 
times the length of one of the rods. If we try the 3-feet rod, 
and after measuring off six times its length, find that there 
is a portion of the length to be measured remaining, which 

— — =the 3-feet rod. =the 5-feet rod. 

3 6 9 12 15 18 

I J_- 1 1 1 I 

\ I i I t 

5 10 15 20 


is less than another length of the rod, the measure employed 
fails, for it does not inform us how much shorter the un- 
measured portion is than 3 feet; all that we learn is, that the 
log is more tlian 18 and less than 21 feet long. But if on 
applying the 5-feet rod we find that it measures the length, 
we are satisfied that the length of the log is just 20 feet. 
This is found by multiplying the measure 5 feet by 4, and 
this is what we mean by saying that 20 feet is a multiple of 
5 feet. The same mode of reasoning may be be employed of 
whatever sort of units 5 and 20 are composed ; 20 gallons, 
for instance, can be measured by means of a 6 -gallon vessel, 
but not by a vessel of 3-galion capacity. We may therefore 
conclude, without regard to the kind of things numbered, 
that 5 measures 20, and that 20 is a multiple of 6 . There- 
fore measure is a particular name for a divisor which leaves 
no remainder; and multiple for a number which is made up 
by multiplying two or more other numbers together. 3, 6 , 9, 
12, 15, 18, 21, 24, 27, 30, &c., are multiples of each other, 
and 3 is a measure of each number that follows it. 

We have already shown tliat 5 is a measure of 20, but it is 
not the only measure; for 2, 4, and 10 are also divisors of 20 
which leave no remainder, and even 1 and 20 come within 
the meaning of the term, the first giving a quotient 20 , and 
the latter a quotient 1 . Therefore 1 , 2 , 4, 5, 10 , 20 are all 
measures of 20 , and consequently 20 is a multiple of these 
numbers. It follows from this that a number which is 
divisible by any two or more numbers is divisible by the 
product of all the numbers by which it is thus divisible. 
We present in the form of a table, which the student may 
profitably study and easily amplify, instances of the mode of 
simplifying divisions: — 


5214 being divisible by 2 and 3 is also divisible 


348 

615 

846 

714 

1248 

4536 

2816 

3825 

4248 

6480 


“ 3 “ 4 

“ 3 5 

« 2 “ 9 

“ 3 « 7 

3 8 

U 4 « 9 

“ 4 11 

“ 5 “ 9 

« 8 “ 9 

“ ■ 5 “ 8 and 9 


ti 

a 

a 

u 

u 

u 

ii 

tt 

it 

it 


by 6=869. 
12= 29. 
16= 41. 
18= 47. 
21= 34. 
24= 52. 
36 = 126. 
44= 64. 
45= 85. 
72= 59. 
360= 18. 


What has been already said may be generalized and made 
perhaps more readily understood in these words. Every 
number which can be divided by any other number without 
leaving a remainder is called a multiple of it. The factors 
of a number are those numbers by the multiplication of which 
that number is made up; and the number made up by the 
multiplication of all the factors of any other number or 
numbers is called the greatest common measure ox divisor 
(for measure is only the old word for divisor). If any two 
numbers have a common measure, that also measures ( 1 ) their 
sum, and (2) their difference; as, 42 and 63 have each the 
common measure 7 ; 7 therefore will measure 105, their sum, 
and 21 , their difference. Of 63, 3 , 3, and 7 are factors; 7 , 
9, and 21 are multiples; and of it and 42, 21 is the greatest 
common measure. In regard to this matter we may observe 
( 1 ) that, the product of any two numbers is a multiple of 
both, as 8x9=72; 72 is therefore divisible both by 8 and 
by 9; (2) that if these two numbers have a common measure 
greater than 1 , there must be a common multiple less than 


this product, as 6 x 9 = 54; but both 6 and 9 are divisible 
by 3; hence 6 • 7 - 3 = 2, 9 -r- 3 = 3, and therefore 18 and 27 are 
less common multiples than 54; and (3) that if any two 
numbers have no common measure except 1 , the least com- 
mon multiple is their product; e.g, 8 and 7 have no common 
measure, and therefore 8 x 7 = 56 is their least common mul- 
tiple. When a number, however, has no other measures 
than 1 and itself, it is called a prime number. Of this 
character are the 168 numbers in the following table, which 
(with the exception of 1 ) contains all the prime numbers 


below 1000 : — 

2 3 5 

7 

11 

13 

17 

19 

23 

29 

31 

37 

41 

43 

47 

63 

59 

61 

67 

71 

73 

79 

83 

89 

97 

101 

103 

107 

109 

113 

127 

131 

137 

139 

149 

151 

157 

163 

167 

173 

179 

181 

191 

193 

197 

199 

211 

'223 

227 

229 

233 

239 

241 

251 

257 

263 

269 

271 

277 

281 

283 

293 

307 

311 

313 

317 

331 

337 

347 

349 

353 

359 

367 

373 

379 

383 

389 

397 

401 

409 

419 

421 

431 

433 

439 

443 

449 

457 

461 

463 

467 

479 

487 

491 

499 

503 

609 

621 

623 

541 

547 

667 

563 

569 

671 

677 

687 

593 

599 

601 

607 

613 

617 

619 

631 

641 

643 

647 

653 

659 

661 

673 

677 

683 

691 

701 

709 

719 

727 

733 

739 

743 

761 

757 

761 

769 

773 

787 

797 

809 

811 

821 

823 

827 

829 

839 

853 

857 

859 

863 

877 

881 

883 

887 

907 

911 

919 

929 

937 

941 

947 

953 

967 

971 

977 

983 

991 

997 

None of 

these can be divided exactly by any other number 


except itself and 1 . No prime number — except 2 and 5 — 
ends with 2, 4, 5, 6 , or 8 ; and therefore every number 
ending in these figm*es is capable of yielding a measure. 

It is often of importance to ascertain whether a given 
number is prime or not. The only way to satisfy ourselves 
on this head is to try if we can find some number that will 
measure it. If we are sure that it has no other measure 
than itself and 1 , we are of course sure that it is a prime. 
This process may appear laborious, and so it is, when the 
number is large, but still it may be done. The work is 
simplified by the following considerations: — 

1 . The greatest factor which a number can have is its 
half; should it therefore have a factor so great, it must be 
divisible by 2 . 

2. If a number be divisible by any other, it is divisible by 
all the factors of that other. 


3. If a number be not divisible by any prime number, 
which is not greater than its square root,* it is not divisible 
by any number whatever, and is therefore itself a prime 
number. Thus 119 is a prime, for it is not measured by 
2, 3, 5, or 7, and the next prime number 11 is greater than 
its square root, 11 X 11 = 121 . 

We may take now one example of the decomposition of a 
number into its prime factors. Let the number be 1260. 
The question is to find out of what factors it is the product; 
that is, what factors must be measures of it. For convenience 
of working let us begin by trying as divisors 
the lowest prime numbers given in the fore- 2 1260 

going table, employing each as often as it 

will succeed. In the example we find that 2 630 

2 succeeds twice, 3 twice, and 5 and 7 each 

once. The simple measures then of 1260 are 3 315 

2, 2, 3, 3, 5, and 7, and these are what we 

term its prime factors. We may therefore 3 105 

write — 

1260=2x2x3x3x5x7 S 35 

In the same way it may be proved that 7 7 

255 =3x 5x17 1035 = 3 x 3 x 5 x 23 

518=2x7x37 714=2x3x7x17 1 


Two numbers are said to prime to each other when 
they have no factor in common, and are not loth measured 
by any other number than 1 , Thus 21 and 40 are both 
composite numbers; as, 

21=3x7, and 40=2x2x2x5; 

* By square root is meant a number which, being multiplied into 
itself, gives a product equal to tbe number. Thus 5 is called the 
square root of 25, because 5 times 5 = 25. The method of finding 
the square root of a number accurately will be afterwards explained, 
but the mere definition is enough for our present purpose. 
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but they are ptinie to each other, for no factor of tho one 
number is a factor of the other. When a factor of one num- 
ber is found in the other, that factor is called a covnMon 
measure. Take the numbers 300 and 275, then 

300=2x2x3x5x5, and 275 = 5x5x11. 

Here it appears that the factors 5x5 are common to the 
two numbers; they have therefore a common measure = 25. 
This is also their greatest common measure; for none of the 
other factors being common, were each number divided by 
this measure the quotients would be prime to each other, 
and admit of no common measure greater than 1 ; as, 

300-r5x5=2x2x3, and 275-^5x5 = ll, 

This method of determining the greatest common measure, 
although exceedingly simple in principle, is laborious in 
practice when the numbers are large, and is therefore usually 
abandoned for a more direct method. That method rests 
upon the following principles: — 

1. If a number measures two others, it mmures their 
sum and difference. As an instance, 8 measures 32 and 136; 
it therefore measures 136 H- 32 = 168, and 136 — 32 = 104. 

2. If a number measures another, it measures any mul- 
tiple of that other. For example, 5 measures 15; it there- 
fore measures 15 x 2 = 30; 16 x 3 = 45 ; 15 X 4 = 60, &c. 

From the foregoing principles we readily deduce the fol- 
lowing: — 

(1) . Every common measure of a dividend and divisor is 
also a common measure of the divisor and remainder; e.g. let 
216 be divided by 96. The quotient is 2, and the remainder 
24; that is, 216=96x2-1-24. From this it follows, that 
96x2 is just 24 less than 216, or that 216-96 x2=24. 
Take now any number, as 8, which measures 216 and 96; 
then because it measures 216 and 96, it measures 216 and 
96 x 2, and also their difference, which is 24; therefore every 
common measure of 216 and 96 is also a measure of 96 and 
24. The same reasoning may be applied to all the common 
measures of 216 and 96 and the remainder 24, and therefore 
to their greatest. 

(2) . Every common measure of the remainder and divisor 
is also a common measure of the dividend and divisor. 
Observe in the foregoing example that 216 = 96x2-1-24, 
and take any common measure, as 12, of the remainder 24 
and divisor 96. Then because 12 measures 24 and 96, it 
measures 24 and 96 x 2 and their sum 96 x 2-1-24, which is 
the dividend 216. This reasoning applies to all the common 
measures of the remainder and divisor; hence these num- 
bers have no common measure which is not also a common 
measure of the divisor and dividend. 

By (1), then, it is proved that the remainder and divisor 
have all the common measures which the dividend and 
divisor have; and by (2) it is proved that they have no 
others. Consequently the greatest common measure of the 
dividend and divisor is also the greatest of the divisor and 
remainder. To show how these principles are applied, let 
us take a question, and for convenience let g. c. m. stand 
tox greatest common measure. 

What is the g. c. rn. of the numbers 1133 and 231? 

Dividing 1133 by 2ZI'] /209 

DividinI 209 by 22 get for remainder 
^ Dividing 22 by 11 J 

Since then 11 divides 22 without remainder, and since it 
is the greatest number which divides itself without remainder, 

Therefore 11 is g. c. m. of 22 and 11 

But g. c. m. of 22 and 11 is g. c. m. of 209 and 22 ) 

“ g. am. of 209 and 22isg.c.m.of 231 and 209 Uy(l), 

“ g. c. m. of 231 and 209 is g. c. m. of 1133 and 231 j 

Therefore 11 is g. c. m. of 1133 and 231 by(2). 

' This process is shown below, and the following is balled 
the rule for finding the greatest common measure of two 
numbers:-— . , 


/209 
.1 22 

1‘S 


L Dwide the greater of the 231)1133(4 
two numbers bg the less^ until 924 

a remainder is obtained which — 

is less than the divisor. 209)231(1 

IL Make the remainder thus 209 

obtained a divisor., and the — 

former divisor a dividend^ and 22)209(9 

froceed as in I. to find another 198 

remainder. - — 

HI, Continue in this loay., 11)22(2 

always dividing the preceding 22 

remainder by the last obtained., — 

until one is obtained which 0 

exactly divides or measures the . g. c. mi. is 1 1 . 
preceding remainder. This 
last divisor is the common measure sought. 

IV. Should the process not terminate until the last divisor 
u 1, the numbers are prime to each, or they admit 'of m 
other common measure than 1. 

This rule has been run into the following quaint rhyme by 
an old arithmetician : — 

“ The greater by the less divide ; 

HhQ less hj what remains 
The last divisor, then again 
By till nought remain ; 

And what divides and leaveth nought 
WiU be the common measure sought.” 

The following numbers may he proposed for exercise in 
this rule: — 


Numbers proposed. 

1261 1313 

833 15785 

143 1271 


g. c. m. 

13 

7 

1 


Numbers proposed. 

3760 9024 

791 8989 

5637 62923 


g. c. m. 

752 

1 

7 


When we require to find the greatest common measure of 
more than two numbers, the same rule is applicable, thus: — 
Find the greatest common measure of the first and second 
numbers, and of this common measure and the third number. 
This is evident; for the greatest common measure of the first 
and second contain all the common divisors of these numbers 
and no others; whatever factor then is common to all the 
three numbers, is also common to the third number and to the 
greatest common measure of the first and second, and no others. 
The same reasoning may be extended to other numbers. 

It is as desirable to have a method of determining the 
least common multiple of numbers as it is to be able to find 
their greatest common measure. It is obvious that the pro- 
duct of any two numbers is a multiple of these two — e.g. 
9 X 12 or 108, is a common multiple of 9 and 12. But it is 
not the least ; for 36 and 72 are also multiples, and they are 
less than 108. To know how a less common multiple is 
found, observe that 9=3x3, and that 12 = 3 x 4; the greatest 
common measure of the numbers is therefore 3. Then 
9-f-3=3, and 12^3=4; and these quotients 3 and 4 being 
multiplied together, and the product being multiplied by the 
greatest common measure gives (3 x 4) x 3=36, which is a 
common multiple of 9 and 12. It is also the least common 
multiple; but the demonstration, to be understood, requires 
some knowledge of algebra. The advantage of using the 
least common multiple rather than any other, is that in some 
operations we thereby work with smaller numbers than we 
otherwise would do. The results are, however, the same — 
just as the change of a sovereign is the same whether told 
down in 20 shillings or 240 pence. Although, however, we 
cannot absolutely prove this, by patient trial really we may 
satisfy ourselves in every case that the following are con- 
venient practical rules for finding common multiples. 

1. When the numbers proposed have no other common 
measure than 1, their product is their common multiple. 
Thus, 53 X 103 are prime numbers, therefore their common 
multiple is 63 x 103 = 5469. 

^ 2. When the numbers proposed have a common measure, 
divide their product by it, and the quotient will be the com- 
mon multiple sought. The easiest way of putting this rule 
into practice is to divide oTie of the numbers by the common 
measure, and to multiply the other number by the quotient. 
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T5us, 360 and 210 5ave a common measure 30, therefore 
their common multiple is (360 x 210) -r 30 = 2520. 

To extend this rule to more than two numbers, find a com- 
mon multiple of the first two, then of that common multiple 
and the third number, and so on. 

3. it frequently happens that a common multiple of seve- 
ral small numbers is required. When this is the case, the 
best method of proceeding is as follows: — Let the numbers be 

7 2 8 5 15 3 12 18 21 

Strike out all those numbers which are evidently divisors 
of some of the others, as 7, which divides 21; 2 and 3, which 
are found in 12; and 5, which is a factor of 15. The re- 
maining numbers are then 

8 15 12 18 21 

Resolve all these into their prime factors as follows: — 

2x2x2 5x3 3x2x2 3x3x2 3x7 

Take now each prime factor as often as it occurs in that one 
of the preceding which has it most often, but no oftener; 
this gives 

2 2 2 3 3 5 7 

Multiply all these together, wMch gives 

2x2x2x3x3x5x7=2520, 
the common multiple required for the given numbers. 

This is fuUy more conveniently done by dividing succes- 
sively by the prime factors. 
Thus, neglecting 7, 2, 3, and 5, 
as before, because every mul- 
tiple which is common to the 
other numbers of which they 
are simply factors, must be com- 
mon to them also; and ar- 
ranging the operation as it is 
at the side, we divide succes- 
sively such numbers as will 
divide by the prime factors; 
and by each as long as possible; 
and bringing down the other 
nmnbers, we proceed in this 
way till the whole of the divi- 
dends disappear. When this 
is accomplished, the product of 
the prime factors employed as 
divisors is the common multiple sought. These, it will be 
observed, are the same by the last process as by the first; or 
rather they are the same by both ways of writing the same 
process. 

Practice will suggest several abbreviations in ail the pro- 
cesses of this chapter, and especially in such operations as the 
last. This will come into actual use in our study of fractions. 

We subjoin a few cases for exercise (1) on the rules for 
finding a common multiple: — 


Numbers proposed. 

Common multiple. 

12 16 30 

240 

16 18 22 

1584 

56 512 

3584 

98 716 

35084 

3 7 5 14 16 20 

420 

t 7 9 21 18 36 42 

252 

8 13 17 11 6 15 

291720 

144 210 360 

5040 

864 876 

63072 


(2) On those for finding the greatest common measure: — 


Numbers proposed. 

g. c. m. 

Numbers proposed. 

g. c. m. 

9 

21 

3 

i 56 63 84 

7 

72 

126 

18 

27 45 54 

9 

16 

24 

4 

: 32 40 64 108 

8 

42 

18 

6 

6187 5850 

39 

360 

112 

8 

1792 1832 

8 

637 

143 

13 

, 204 1190 1445 2006 

17 

432 

816 

48 

i 6441 10283 

113 

342 

665 

19 

1 
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PABABIGMS OP lATIIf VERBS — -THE FOUR OONJUOATIONS™^ 
EXERCISES IN' OOKJUOATION. 

The model paradigms of verbs which graimmarians present to 
us exhibit at one view all the possible parts of this class of 
words that we can either see in reading or require to use in 
speaking or writing. They place before us the ideal struc- 
. ture or essential type of the verb. Its ground-plan is governed, 
of course, by the method in which the Romans thought, and 
the main difficulty perhaps which the study of the Latin verb 
presents to us arises from the difference in the mode of thought 
employed in a nation which has analyzed and disparted the 
various elements of thought, and that necessarily used by 
those whose verbs were synthetic — i.e. held together in a unity 
several elements of thought. For example, the Romans said 
in one long word— wcavissemus — what we say in four short 
ones — we might have called.” We require to get our minds 
to take in and to keep constantly present before them the 
fact of this synthetic expression of thought — of this want of 
breaking it up, as it were, and dissecting it into its elementary 
parts, as well as to acquire the habit of realizing, in our use 
of the language, those much-meaning forms into which Roman 
thought moulded itself. That we may the more readily do so, 
granunarians have gathered together and arranged in a regular 
and systematic manner a complete series of all the forms, 
simple and composite, in which the Romans registered and 
expressed the statements they required to make. These, 
being all joined together and placed before us at once, appear 
to be not only numerous but cumbrous, especially when 
exliibited in different paradigms, which show the special 
changes that occur in the orthography and form of the 
tense-endings of verbs having particular characteristics, en- 
abling them to be classified in such a way as to be distin- 
guished from each other. The student who would like to 
attain to a clear apprehension of the specific forms of the 
Latin verb should endeavour to comprehend the theory of its 
construction, as a tracing out in an ideal of all the possible 
forms which thought assumed in the mind of a Roman, and 
a distinct representation of the means he employed (or could 
employ) for the expression of the different shades of change 
to which each thought was (or might be) subject. 

The meaning involved in the tense-endings and modal pecu- 
liarities of verbs are the same throughout the whole series of 
conjugations, and though there is, in the form in which they 
respectively appear in the separate paradigms, some diver- 
sities wMch require attention and care, yet on the whole 
these are in reality the result rather of the orthographical 
macliinery of the language than of any distinct necessity 
originating in the nature of the thoughts to be expressed. 
The possession of this capacity of indicating several elements 
of thought combined into a single word is one of the charac- 
teristics which distinguish the verb from the adjective. The 
latter denotes a quality or power possessed, but the former 
implies a quality or power not only possessed, but exercised 
at a certain time, in given conditions. For example, the 
crude form am suggests the idea of love. If it is desired to 
show that this quaUty is actively exercised by a third person, 
now, we say amat^ he or she loves, for the verb does not in 
general include any sign of gender; if we wish to indicate 
that, this quality is possessed, and is capable of acting or free 
to act, within a third person regarding another, we say amet^ 
he or she may love; and if we are resolved to call this act 
into exercise we say ama^ love [thou]. Thus the verb is so 
complicated in structure that, besides conveying the idea of 
the quality possessed and exercised, it informs us who performs 
. it, ^okm it is done, kow or under what conditions it operates. 
These changeable elements of thought are indicated in the 
verb by adding to the crude form of it the part which 
names the sort of activity which may be exercised and of 
which we can make affirmation) certain terminations, which 
are by convention used to suggest, through changes made 
in them, the changes which do or may (or can be supposed to) 
take place in the actual exercise of the quality or attribute 
which the verb indicates. It is of great importance to acquire 
a thorough knowledge of these terminations and their signi- 
fications, and an instantaneous power of reproducing them. 


2 

8 

15 

12 

18 

21 

2 

4 

15 

6 

9 

21 

2 

2 

16 

3 

9 

21 

3 

1 

16 

3 

9 

21 

3 


6 

1 

3 

7 

5 


6 


1 

7 

7 


1 



7 
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FIRST CONJUGATION. SECOND CONJUGATIOR 


ACTIVE. 

PASSIVE. 

ACTIVE. 

PASSIVE. 


Indicative Mood. 


Indicative Mood. 



S. Am-o, Hove 


S. Am-or, lam \ 


S. Mon-eo, I advise 

1 

S. Mon-eor, lam \ 


: a 

am-as, thou lovest 


am-aris, thou art 


mon-es, thou advisest 

mon-gris, thou art | 



am-at, he loves 


am-atnr, he is 

«> 

mon-et, he advises 


mon-etur, he is 1 


>a 

PI. am-amns, we love 


PL am-amnr, we are 

. 5S, 

PL mon-emns, we advise 


PL xnon-emur, we are ( 

1 


am-atis, i/e love 


am-amini, ye are 


mon-gtis, ye advise 


mon-emini, ye are I 

IS 


am-ant, the^ love 


am-antur, they are J 


mon-ent, they advise 


mon-entur, they are J 



S. am-abam, / was \ 


S. am-abar, Iwas ^ 


S, mon-ebam, Iwas \ 


S. mon-ebar, I was \ 

SJ 


am-abas, thou wast 


am-abaiis, thou wast j 

& 

mon-ebas, thou wast 


mon-ebaris, thou wast 


1 

am-abat, he was 


am-abatur, he was ( 

-2 

mon-ebat, he was 


mon-ebatur, he was 


B 

a* 

PI am-abamus, we were 

cs 

PL am-abaranr, we were / 


PL mon-ebamus, we were 


PI. mon-ebamur, we were 

•1 

M 

am-abatis, ye were 


am-abamini, ye were j 

•S 

mon-ebatis, ye were 

e 

mon-ebamini, ye were 

1 


am-abant, they were / 


am-abantnr, they were J 

’w' 

mon-ebant, t^ey were y 


mon-ebantur, they were J 



S. am-avi, / loved 


S. am-atussum, Iwas 


S. mon-ui, I advised 


S. mon-itns sum, I was 



am-avisti, thou lovedst 


am-atus es, thou wast 


mon-nisti, thou advisedst 

mon-itns es, thou wast 


1 

am-avit, he loved 


am-atns est, he was 


mon-nit, he advised 


mon-itns est, he was 


§3 

PI. am-avimus, we loved 


PL am-ati sumns, we were 

iJS 

PL mon-mmus, we advised 


PI. mon-iti sumns, we were 



am-avistis, ye loved 


am-ati estis, ye were 


mon-nistis, ye advised 


mon-iti estis, ye were 



am-averunt, they loved 


am-ati sunt, they were J 


mon-uerunt, they advised | 

mon-iti sunt, were) 



S. ana-avgram, I had > 


S. am-atus eram, I had 


i S. mon-ngram, I had -s 


S. mon-itns eram, I had -n 



am-avgras, thou hadst 


am-atns eras, thou hadst 

ns 

<» 

mon-ngras, thou hadst 


mon-itns eras, thou hadst 

•1 

*s 

am-averat, he had 


am-atus erat, he had 

R> 

.O 

mon-nerat, he had 


mon-itus erat, he had 

x'l 

flu 

& 

Pi. am-averamns, we had 

- Ri 
O 

PL am-ati eramns, we had 


PL mon-ueramus, we had 


PL mon-iti eramns, we had 


d 

s 

am-averStis, ye had 


am-ati erltis, ye had 

1 <£> 

mon-neratis, ye had 

e 

mon-iti eratis, ye had 

"1 


am-av§rant, they had J 


am-ati erant, they had) 


mon-ugrant, they had y 


mon-iti erant, they had) 


o 

S. am-abo, I shall *s 


S. am-abor, I shall \ 


S. mon-ebo, I shall 


S. mon-gbor, I shall \ 



am-abis, thou wilt | 


am-abgris, thou wilt 


mon-ebis, thou wilt 


mon-ebgris, thou wilt 1 



am-abit, he will \ 


am-abitnr, he will | 

Ri 

mon-gbit, he will | 


mon-ebitnr, he wUl | 

i 

<0 

PI. am-abimus, we shall / 

J 

PL am-abimnr, -Eoe shall j 


PL mon-ebimus, we shall 


PL mon-ebimur, we shall i 

© 

d 

am-abitis, ye will I 


am-abimini, ye will 


mon-ebitis, ye will 


mon-ebimini, ye will 

I ^ 

1 

am-abunt, they will J 


am-abuntnr, they will J 


mon-ebunt, they will J 


mon-ebuntnr, they will J 



S. am-av^ro, I shall \ 


S. am-atns ero, J shall ^ 


S. mon-ugro, I shall 


S. mon-itns ero, I shall ' 


*§ 

am-avgris, thou wilt 


am-atus eris, thou wilt 

& 

"2 

mon-ngris, thou wilt 

03 

Bia 

mon-itns eris, thou wilt 

•| 


am-avgrit, he will 1 

d 

1 

am-atus erit, he will ' 

g 

mon-ugrit, he will ! 

u 

mon-itus erit, he will 

"1' 

g 

PL am-averimus, we shall 

( E 

PL am-ati erimns, we shall i 

rt 

PL mon-uerimus, we shall i 

r ® 

PL mon-iti eiimus, we shall 

1' 

d j 

am-averitis, ye will 

ll 

am-ati eritis, ye will 

flU 

mon-neritis, ye will 

1 

mon-iti eritis, ye will 

S' 

Si 

am-avSrint, they will - 


am-ati erunt, they will J 

1 

mon-ngrint, they willJ 

xSS 

mon-iti erunt, they will . 

.1 


Subjimctive Mood. 


Subjunctive Mood. 


^ 1 

GO 

S. am-em, I may y 


S. am-er, I may 


S. mon-eam, I may -n 


S. mon-ear, I may 


■ ' 'S ' 

' CD 1 

am-es, thou mayst 


am-gris, thou mayst 


mon-eas, thou mayst 


mon-earis, thou mayst 



am-et, he may ' 

» 

am-etnr, he may ' 

1 

mon-eat, he may ' 


mon-eatur, he may ’ 

i 

1 

PL am-Smus, we may i 

"rS 

PL am-gmnr, we may 


PL mon-eamus, we may j 


PI. mon-eamnr, we may ■. 


to 

£ 

am-etis, ye may 


am-gmini, ye may 


mon-eatis, ye may 


mon-eamini, ye may j 


pH 

am-ent, they may J 


am-entnr, they may J 


mon-eant, ih^y may J 


mon-eantur, they viay J 



S. am-arem, I might “y 


S. am-Srer, I might y 


S. mon-grem, I might 


S. mon-erer, J might 



am-ares, thoumightst 


am-areris, thou mightst 


mon-eres, thoumightst 


mon-ereris, thou mightst 

•©t 

fe? 

am-aret, he might 

§ 

am-argtnr, he might 

1 

mon-gret, he might 

•S 

mon-eretur, he might 

•S 


PL am-argmus,we 


PL am-argmnr, tffc might 

".2 

PL mon-eremns, we might 


PL mon-eremnr, we might 

f'© 

© 

M 

am-argtis, ye might 


am-aremini, ye might 


mon-eretis, ye might \ 


mon-eremini,^6 might 



am-arent, they might ^ 


am-arentnr, they might 


mon-erent, they might j 


mon-erentnr, they might j 



S. am-avgrim, I may 


S. am-atus sim, / may 

"i” 

1 S. mon-ngrim, I may *\ 

S. mon-itus sim, J may 



am-avgris, thou Tnayst 


am-atns sis, thou mayst 

r2 

mon-ngris, thou mayst 

•S 

mon-itus sis, thou mayst 

1 

J 

am-avgrit, he may 


am-Etus sit, he may 


mon-ugrit, he may 


mou-itus sit, he may 

1- 

1 

PL am-averimns, we may 

§ 

PL am-ati siraus, we may 

1 ^ 
KS 

PL mon-uerimus, may 

- « 

PL mon-iti simus, we may 

1 J 


am-averitis, ye may 

e 

am-ati sitis, ye may 


mon-neritis, ye may 

a 

mon-iti sitis, ye may 

1 


am*avgrint, they may . 


am-ati sint, they may - 

§ 

' >Ha 

mon-ngrint, they may - 


mon-iti sint, they may 



S. am-avissem, I should 


S. am-atns essem, I should " 

V 

s? 

S. mon-uissem, I should 


S, mon-itns essem, I should \ 1 


am-avisses, thou wouldst 


am-atns esses, thdu wHdst 

-2 

mon-nisses, thou wouldst 


mon-itus esses, thou wHdst 

’‘t 

1 

am-avisset, he would 


am-atns esset, he would 


mon-nisset, he would 


mon-itus esset, he would 


■WW: 

PL am-avissgmus, we should 


PL am-ati essgmns,tt?e^Aow?<2 

i 

PL mon-uissemus,?0esAowZ<Z 


PL mon-iti essem us, we should 

Ti 


am-avissgtis, ye would 

a 

►sS 

am-ati essetis, ye would 

g 

mon-uissetis, ye would 

I 

mon-iti essetis, ye would 



am-avissent, they would - 


am-Sti essent, tl^ywmdd. 

4 

mon-nissent, they would. 

x«i 

mon-iti essent^ they would 



iVoie.— The hoaperatives, infinitives, gerunds, snpines, and participles of these conjngations will he found on page 418. 


THB LATIN LANaUAGl. 

THIRD CONJUGATION. FOURTH CONJUGATiON. 




ACTIVE. 


PASSIVE. 


Indicative Mood. 


S. Keg-o, I rule 

reg-is, thou rulest 

reg-it, he rules 

FI. reg-imns, we rule 

reg-itis, ^e rule 

reg-nnt, they rule 


S. Eeg-or, lam 

reg“Sris, thou art 

reg-itur, he is 
PL reg-imur, we are 
reg-imini» ye are 
reg-Butur, they are 



S. reg-ebam, I was 


S. reg-ebar, I was \ ns I 

S. aud-iebam, 

I was n 


S. aud-igbar, I was n 

n». 


reg-ebas, thou wast 


reg-ebaris, thou wast 


aud-iebas, 

thou wast 


aud-iebaris, thou wast 

1 

<a 

reg-ebat, he was 


reg-ebatnr, he was 


aud-iebat, 

he was 


aud-iebatur, he ^oas | 

A 

§3 

p. 

PL reg-ebamus, we were 


PL reg-ebamnr, we were 


PL aud-iebamus 

, we were 


PL aud-iebamur, we 7oere j 


M 

reg-ebatis, ye were 

c- 

reg-ebamini, ye were 


aud-iebatis, 

ye were 


aud-iebamini, ye were I 

*» 


reg-ebant, they were J 


reg-ebantnr, they were 


aud-iebant, 

they were ^ 


aud-iebantur, they were ) 



S. rex-i, I ruled 


S. rect-ns sum, I was > 


S. aud-ivi, 

/ heard 


S. aud-itus sum, I was n 



rex-isti, thou ruledst 


rect-us es, thou wast 


aud-ivisti, 

thou heardst 


aud-itus es, thou loast 


0 

01 ^ 

rex~it, he ruled 


rect-us est, he was | 

ns 

-2 

aud-ivit, 

he heard 


aud-itus est, he was 



PL rex-imus, we ruled 


PL rect-i sumus, we were 


PL aud-ivimus, 

we heard 


PL aud-iti sumus, %ce toere 


Cl* 

rex-istis, ye ruled 


rect-i estis, ye were 


aud-ivistis, 

ye heard 


aud-iti estis, ye were 



rex-ernnt, they ruled 


rect-i sunt, they were J 


aud-iverunt, they heard 


aud-iti sunt, the^y loere) 



S. rex-eram, I had \ 


S. rect-us eram, I had n 


S. aud-ivgram, 

I had -s 


S. aud-itus eram, J had n 



rex-gras, thou hadst 


rect-us eras, thou hadst 


aud-ivgras, 

thou hadst 

1 

aud-itus eras, thouhadst 

1 


rex-erat, he had I 

j 

rect-us erat, he had 1 


aud-ivgrat, 

he had 1 

ns 
1 h 

aud-itus erat, he had 


(U 

PI. rex-eramus, loe had I 

1 ^ 

PL rect-i erSmus, we had i 

" J 

PL aud-iveramus, we had i 

J 

PL aud-iti eraraus, we had 


p " 

s 

rex-eratis, ye had 


reot-i eratis, ye had 

<u 

aud-iveratis, 

ye had 


aud-iti eratis, ye had 

J 

1 

rex-grant, they had ) 


rect-i eraut, they had J 


aud-ivgrant, 

they had J 


aud-iti erant, tiiey had) 



S, reg-am, I shall \ 


S. reg-ar, I shall y 


S. aud-iam, 

I shall \ 


S. aud-iar, I shall n 


■p, 

s 

reg-es, thou wilt 


reg-ens, thou wilt 

ns 

aud-ies, 

thou wilt 


aud-ieris, thou wilt j 

n* 

OQ 

reg-et, he will ' 


reg-etur, he will 

.2 

aud-iet, 

he will ' 


aud-ietur, he will | 

hi 

£ 

PL reg-emus, we shall 


PL reg-emur, we shall 


PL aud-iemus, 

we shall 


PL aud-igraur, we shall j 


p 

reg-etis, ye will 


reg-emini, ye will 

o 

aud-ietis, 

ye will 1 


aud-iemmi, ye will j 


fi' 

reg-ent, they loill J 


reg-entur, tMy will J 


aud-ieiit, 

they will J 


aud-ientur, they will ) 


■s 

S. rex-ero, I shall > 


S. rect-us ero, I shall ■> 

ns 

S. aud-ivgro, 

/ shall n 

S. aud-itus ero, / shall ' 



rex-eris, thoti wilt 


rect-us eris, thou wilt 


aud-ivgris, 

thou wilt 


aud-itus eris, thou wilt 

1 

03 

{X, 

rex-grit, he will 


rect-us erit, he will 


aud-iverit, 

he will 


aud-itus erit, he will 


-03 

PL rex-erimus, we shall 

r 

2 

PL rect-i erimus, we shall 

^Cl 

PL aud-iverimus, ?oe shail 

2 

PL aud-iti erimus, loe shall 

"“J 

. S 

rex-eritis, ye will 

e 

i«ci 

rect-i eritis, ye will 


aud-iveritis. 

ye mill 

i 

aud-iti eritis, ye will 


P 

■5X, 

rex-grint, they will 


rect-i erunt, they will > 

S 

aud-ivgrint, 

they willJ 


aud-iti eruut, they will- 

J 


ACTIVE. 


PASSIVE. 


Indicative Mood. 


S. Aud-io, I hear 

aud-is, thou hearest 

aiid~it, he hears 

PL aud~imus, we hear 

and-itis, ye hear 

aud-innt, they hear 


S. Aud-ior, I am 

aud-iris, thou art 

aud“itnr, he is 

PI. aud-imur, we are 

aad-imlm, ye are. 

aad-iuntur, they are 


Subjunctive Mood. 


Subjunctive Mood. 


S. reg-am, 
reg-as, 
reg-at, 

PL reg-amiis, 
reg-atis, 
reg-ant, 


I may 
thou mayst 
he may 
we may 
ye may 
they may 


S. reg-ar, I may \ 
reg-aris, thou mayst 
reg-atur, he may 
PL reg-amur, we may 
reg-amhii, ye may 
reg-antur, they may J 


S. and-iam, Imay 
aud-ias, thou mayst 

aiid-iat, he may 

PL aud-iamus, we may 
aud-iatis, ye may 
aud-iant, they may 


S. aud-iar, 
aad-iaris, 
aud-iatur, 
PL aud-iamur, 
aud-iamini, 
aud-iantm-, 


X may 

thou mayst | -p 
he may ^ _ 

we may ^ 

ye may 
they may 


S. reg-erem, I might "s 

reg-eres, thoii mightst | 

reg-eret, he might 1 .2 

PL reg-eremus, we might j § 

reg-eretis, ye might I 

reg-Srent, they might J 


S. reg-Srer, I might 
reg-ereris, thou mightst 
reg-eretnr, he might 
PL reg-eremnr, we might 
reg-eremmi,^e might 
reg-erentur, they might J 


S. aud-irem, I might 
and-ires, thou mightst 
aud-iret^ he might 
PL aud-iremns, loe might 
aud-iretis, ye might 
aud'irent, they might . 


S. aud-irer, / might 

aud-ireris, tho^i mightst j 
aud-iretur, he might 
PL aud-iremur, we might 
aud-iremini, ye might 
and-ireiitiir, they might J 



S. rex-grim, 

I may 


rex-gris. 

thou mayst 

o 

03 ' 

rex-grit, 

he may 

1 

PL rex-erimus, ' 

we may 


rex-eritis, 

ye may 


rex-grint, 

they may . 


s 


S. rect-us sim, I may -n ^ 
rect-BS sis, thou mayst 1 "g 
rect“BS sit, he may 
PL rect-i simns, we may 
rect-i sitis, ye may 
rect-i sint, they may J ^ 




S. aBd-ivgrim, Imay 
aud-jvSris, thou mayst 
aud-ivSrit, he may 
PL aBd-iveriiBBS, we may 
aud-iveritis, ye may 
and-ivSi’int, they may . 


S. aud-itBS sim, I may 
aad-itus sis, thou mayst 
and-itus sit, he may 
PL aud-iti simBs, we may . 
and-iti sitis, ye may 
aud-iti sint, they may 


S. rex-issem, J should 

rex-isses, thouioouldst I ]§ 
rex-isset, he would I g 
PL rex-isseiBBS, toe should ' j « 
rex-issetis, ye would I ^ 
rex-issent, they would j 


S. rect-us essem, I should *■ 
rect-us esses, thou w'ldst 
rect-us esset, he would 
PL rect-i essemus, we should 
rect-i essStis, ye would 
rect-i essent, they would - 


S. J should 

aud.-ivisses, thouwouldst j | 
. aud-ivisset, he would I ^ 
Tt mdAYissemus^we shozild t g 
aud-ivissetis, ye would [ J 
aud-ivisseut, they would) 


S. aud-itus essem, / should 'x -g 
aud-itus e^^ee^thouuXldst | J 
aud-itus esset, Ae I- 

PL aud-iti essgmBS,'?6*e5AOT/;^<? j ^ 
aud-iti essetis, ye would I t 
aud-iti essent, they would) J 


' •' 'Noie,-^ 
VOL, L 


“The imperatives, infinitives, gerunds, supines, and participles of these conjugations will be found on page 419. 
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THE LATIN LANGITAGB. 


FIRST CONJUGATION. SECOND CONJUGATION. 


ACTIVE. 

PASSIVE. 

ACTIVE. 

PASSIVE. 



Imperative Mood. 

Imperative Mood. 

Pres. 

S. am-a, love thou 

PL am-ate, love ye 

S. am-are, be thou loved 

PL am-amini, be ye loved 

S. mon-e, advise thou 

PL mon-ete, advise ye 

S. mon-ere, he thou advised 
PL mon-emini, be ye advised 

^ut. Simple. 

S. am-ato, thou must love 
am-ato, he must love 

PL am-atote, ye must love 
am-anto, they must love 

S. am-ator, thou must he loved 
am-ator, he must he loved 

PL am-antor, they must he loved 

S. mon-gto, thou must advise 
mon-eto, he must advise 

PL mon-etote, ye must advise 
mon-ento, they must adidse 

S. mon-etor, thou must be advised 
mon-etor, he must be advised 

PL mon-entor,i^ey must be advised 



Infinitive Mood. 

Infinitive Mood. 

i 

Pm 


ara-Sie, to love or be ' 

loving 


am-ari, to be loved 

mon-ere, to advise, or be 
advising 

mon-eri, to be advised 

Perf. 

am-avisse, to have loved 

am-atus esse, to have been 
loved 

mon~uisse, to have advised 

mon-itas esse, to have been 
advised 

1 

am-atums esse, to be about , 
to love 

1 

ara-atum iri, to he about to 
he loved, <^c. 

mon-i turns esse, to he about 
to advise 

mon-itam iri, to he about to 
be advised, 



Participles. 

Participles. 

g 


am-ans, loving 


— 

mon-ens, advising 

— 

i 

— 

am-atas, loved 

— 

mon-itas, advised 

i 


am-atunis, about to love. 

am-andiis, meet to be loved 

mon-ittlras, about to advise 

mon-endas, meet to he advised 

■ ■■ ! 

Gerunds. 

N. A am-andum, loving 

G. am-andi, of loving 

D. Ab. am-ando, for or hy loving 

Supines. 

ACTIVE. 

am-atnm, to love 

PASSIVE. 

am-atu, to be loved 

Gerunds. 

mon-endam, advising 
mon-endi, of advising 

mon-endo, for or hy advising 

Supines. 

ACTIVE. 

mon-itam, to advise 

PASSIVE. 

mon-ita, to be advised 


We have endeavoured in the preceding models of conju- j 
gation to present these paradigms at one view, so that the j 
student may observe their general similarity, notwithstanding | 
their apparent, but in reality very slight, orthographical i 
differences. i 

It may be just as well to notice here, that this whole plan 
of the derivation of tenses is probably rather an ingenious 
contrivance of the grammaiians than a genuine explanation ! 
of the ideal followed by those to whom the use of the language i 
was natural. It is the more necessary to mention this because i 
the supine, though always supposed to exist — as the forma- i 
tive element from which the participles are derived — really 
occurs very rarely. It is not therefore always safe in writing 
Latin to use the supine of verbs given in grammars and dic- 
tionaries, under the impression that we are conforming to 
classical usage; for grammarians give supines to a great 
many verbs, which yet are not to be found in any author, 
because the participles formed from them are found. Gram- 
marians suppose likewise that all deponent verbs, of old, had 
the active voice, and consequently supines, though now they 
have lost them. 

Deponent verbs (see p. 319) being in form passives, are 
conjugated like them, and conform to the four regular con- 
jugations. Those whose roots — i.e, crude-form stems — end 
in a, and t are of the First, Second, and Fourth Conjuga- 
tions, and all the rest belong to the Third. But the conju- 
gation of a deponent verb has a greater number of forms than 
an ordinary passive verb; for it has not only the supine and 
the gerund, but also four participles, viz.: (1) the present par- 
ticiple, as hortam (admonishing), denoting the action in pro- 
gress; (2) perfect, (having admonished), denoting 

the action as completed; (3) future, hortaturus (about to 
atoonish), describing an action as future; and (4) the g&rvn- 
dive, hortandus (to be admonished), which has a passive 
meaning, and accordingly is formed only from those deponents 


which have a transitive signification. In the neuter gender, 
however, the gerundive also occurs from intransitive verbs. 

The following are examples of deponent verbs in each of 
the conjugations, viz.: — (1) Precor, precdris or precdre, prS- 
cdtus sum ov fui, precdri; precandi, precando, precandum; 
precdtum^ precdtu; pr^cam, precdtiirus, precdtus, precandm^ 
to pray. (2) M^reor, mereris, or 'iMrere, merUus sum or fu% 
merlri; mereiidi, merendo, merendum; meritum, merltu; 
merens, mertturus, merttus, merendus, to deserve. (3) S^quor, 
s^queris or s^qu^re, s^cutus sum or fui, sequi; sequendi^ se- 
quendo, sequendum; secutum, secutu; sequens, secutdrus, 
secutus, sequendus, to follow. (4) Partior, partlris or par- 
tire, partltus sum or fui, parilri; partiendi, partiendo, par- 
tiendum; partltum, partltu; partiens, partiturus, partltus^ 
partieTidus, Ui divide. 

\ EXEEOISES ON THE CONJUGATIONS IN THEIR SIMPLEST AND 
MOST REGULAR FORMS. 

(1) Instead of the letters am in the model of the First Con- 
jugation introduce the italicized portion of the following verbs, 
and replace the word love ” in the translation by the word 
given as the meaning of the verb used, viz. aro, I plough; 
07710, 1 adorn; oro, I pray; pdro, I prepare; vlto, I avoid; 
juro, I swear; Ugo, I hind; rdgo, I ask; voco, I call; numero, 
I number or count; guberno, I govern; muto, I change. 

(2) Replace the letters mon in the paradigm of the Second 
Conjugation by the letters in italics in the following verbs, 
and the word ‘‘ advise ” by the meaning here given to the 
verb used, viz. Ad6eo, I have; dehQo, I owe; juh&o, I order; 
prceh^o, I afford; placeo, 1 please; ndceo, I hurt; tacoo, I am 
silent; ddho, I grieve; caleo, I am warm; valeo, I am well; 
pdreo, I obey; m^reo, I deserve. 

(3) Supply the places of reg, rex, rect wherever they occur 
by the italicized portions of the following verbs, and the word 
^‘rule” by that given as the meaning of the verb used to 


THl LATIH LANGUAGE. 




THIRD CONJUQATJON. FOURTH CONJUGATiOM. 


active. 

PASSIVE. 

ACTIVE. 

PASSIVE. 


Imperative Mood, 

Imperative Mood. ■ ' 

Pres. 

S. reg-e, rule thou 

Pi. reg-ite, ruU ye 

S. 

PL 

reg-&'e, 6e thou ruled 
reg-imini, he ye ruled 

S. aud-i, hear thou 

PL aud-ite, hear ye 

S. aud-ire, he thou heard 

PL aud-imlui, he ye heard 

Put. Simple. 

S. reg-ito, thou must rule 
reg-ito, he must rule 

PI. reg-itote, ye must rule 
reg-unto, they must rule 

S. reg-itor, thou must be ruled 
reg-itor, he must he ruled 

PL reg-uutor, they must be ruled 

S. aud-ito, thou must hear 
aud-ito, he must hear 

PL aud-itote, ye must hear 
aud-iunto, they must hear 

S. aud-itor, thoummt he heard 
aud-itor, he must be heard 

PL aud-iuritor, they must be heard 


Infinitive Mood. 

Infinitive Mood. 

Pres. 

reg-€re, to rule^ or be 
ruling 


reg-i, to be ruled 

aud-ire, to hear or be 
hearing 


aud-iri, to be heard 

fi. 

rex-isse, to have ruled 

rect-us esse, to have been 
ruled 

aud-ivisse, to have heard 

aud-itus esse, io have been 
heard 


rect-urus esse, to be about 
to rule 

rect-um iri, to he about to 
be ruled, ^-c. 

aud-itums esse, to he about 
to hear 

aud-itum iri, to be about to 
he heard, ^c. 


Participles. 

Participles. 

{1. 

reg-ens, ruling 


— 

aud-iens, hearing 


— 


— 

rect-us, ruled 

— 

aud-itus, heard 

S' 

fa 

rect-urus, about to rule 

reg-endus, meei to be ruled 

aud-itOrus, about to hear 

aud-iendus, meet to be heard 

Genmds. 

N. A. reg-endum, ruling 

G. reg-endi, of riding 

D, Ab, reg-endo, for or by ruling 

Supines. 

ACTIVE. 

rect-um, to rule 

PASSIVE. 

rect-u, to be ruled 

Gerunds. 

aud-iendum, hearing 
aud-iendi, of hearing 
aud-iendo, for or by hearing 

Supines. 

ACTIVE. 

aud-itum, to hear 

PASSIVE. 

aud-itu, to be heard 


replace these syllables, viz. cin^o^ cinxij cmctxmij cinghx% I 
surround; d%c% dis^^ (ItcJum, o^ic^re, I say; Jligo, JiisA^ flic- 
^um, flig^xe, I strike; figo^flm^ fiosxm.^ figQx% I fix; pingo, 
pins^, pincimn, pingexe, I paint ; frango, fregi, fmctxm^ 
frangexe, I break. 

(4) Replace aud, wherever it occurs, by the part of the 
following verbs given in italics, and the word hear” by that 
given as the signification of the verb used, viz.y?7iio, I finish; 
pu7mf 1 punish; erudio, I instruct; dormio, I sleep; nutriOj 
I nourish; huUio, I boil; munio, I fortify. 

(5) Write out a complete paradigm in each conjugation, 
using the verbs given in the foregoing exercises in the order 
in which they occur in rotation, one for each tense. 

(6) Commit to memory the paradigm tense by tense, and as 
each tense is learned repeat it with each of the above-given 
verbs through all the persons and numbers. 

(7) Carefully inspect the following sentences, observing (1) 
the termination of the Latin verb, here italicized; (2) the 
translation given; (3) the similar terminations in the para- 
digms, with the translation given there ; and (4) the person, 
number, tense, and mood wMch these terminations indicate. 

1, Armat (1) spina rosas. 2. Autumnus effunda^ (3) fruges. 
3. Diein perdidi (3). 4. Aurum omnes G^\unt (3). 6. Scipio Car- 

thagiuem delSvii (2). 6. Hostes non i^memus (2). 7, Eomani loca 

snperioraoceiipawi (1). 8. Demosthenes ssepe Platonem Bxdiehat (4). 
3. Achaei anxilia Philippum oxabant (1). 10. Discipnlus linguam 
Latinam disce^ (3). 11. Corvns centnm annos vive^ (3). 12. Som- 

oinm somniaw (1). 13. Te dSceSo (2) literas. 14, Non te sententiam 
celaJo (1). 16. Iram qui vina^ (3), hostem sttpSmi (1) maximum. 

16, Vili dJSmum vendidaT^tfo* (3). 17. Facta ducum vivejii (3). 18. 

Tres uno pSrierwwi (4) rhgtSres anno. 19, Efficiendnm est, nt 
appStitus iibedirefti (4) rStionl 20. Nihil despgrandfim [est] (1). 

1. A thorn arms roses. 2. Autumn brings forth fruits. 3. I 
have lost a day. 4. Everybody desires gold. 5. Scipio destroyed 
Carthage. 6. We do not fear enemies. 7. The Romans occupy the 
higher grounds. 8. Demosthenes frequently listened to Plato. 9, 


The Achaians prayed for help from Philip. 10. The student will 
learn the I^tin language. 11. The crow will live a hundred years. 
12. I have dreamed a dream. 13. I will teach thee letters. 14, I 
will not liide my opinion from thee. 16. He who conquers wrath 
overcomes the gi-eatest enemy 16. Thou hast sold thy house for a 
small sum. 17. The deeds of leaders shall live. 18. Three orators 
perished in one year. 19. It ^ necessary that the appetites should 
yield obedience to reason. 20. There is no need for despairing. 

(8) Substitute such other parts of the several verbs as may 
make sense with the words given in any of the foregoing 
sentences: eg, Scipio Carthaginem delei, deka^, &c. 

It is often found of great advantage, as an aid to the 
memory, to write out the crude-form portion of the present 
and perfect of the indicative mood, and that of the supine 
and infinitive, through all the parts of the verb in which they 
occur (as tabulated on p. 320 and given in a rhythmical rule 
on p. 321) in black ink, and thereafter to add on through 
each person and number in each tense and mood the proper 
terminational additions in red ink. 

As the third persons of the verb are those most frequently 
met with in reading and required in writing, it is advisable to 
make a special point of knowing all these thoroughly. This 
may be very advantageously studied by writing down on a 
card the several terminations of the third persons singular 
and plural, in each conjugation, in red ink, and then taking 
any verb and running over the third persons of the conjuga- 
tion of that verb till familiarity with and readiness in their use 
have been acquired; and we can, as the Romans did, mentally 
connect the meaning with the termination. 

Again, it tends greatly to give command over the form and 
signification of verbs to write them out departmentally, as we 
may say — i,e, making the exercise consist in writing but in 
full ail the parts of the verb derived from the root or crude 
form respectively of the present, the perfect, the supine, and 
the infinitive. 
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PHYSIOIiOOZ-CHAPTER TI, 

®HJE NERVOUS SYSTEM IK ITS HIGHER RELATIONS — GENERAL 
ANE SPECIAL SENSATION — ORGANIC SENSIBILITY — THE 
ORGANS OP sensation: TOUCH, SMELL, TASTE, HEARING, 
ANB SIGHT. 

Serves are organs of relation. The more perfect the nervous 
structure of a being is, the wider are the relations into which 
it can enter, not only of part with part, but also of the being 
with its surroundings. The characteristic of nervous tissue 
is sensibility. It receives, elaborates, and transmits impres- 
sions. Though the nerve-fibres seem much more readily to 
perceive a change in, than a permanency of, their state, yet 
they must be capable of appreciating the vital condition in 
which they subsist; that is, they must possess a tonic sensi- 
bility, a feeling of their uniform and steady general fitness for 
healthy activity, or the reverse. Upon the existence of such 
a susceptibility depends a great deal of our common ideal of 
ordinary bodily comfort, or our experience of personal dis- 
comfort when depressed and overcome by lassitude or ennui. 
The ms nervosa, or nervous energy, may be static as well as 
dynamic, though it is most usually in those vital actions and 
reactions of its force involved in the transmission of impres- 
sions, that we become aware of the sensibility the nerve-fibres 
possess. Ordinary language fails to express, because common 
experience fails to convey, in any concentrated form claim- 
ing a name, this undercurrent or subconscious condition of 
healthy nervousness. What one might call the organized 
consensuousness of individual life, and the co-ordinateness of 
the whole nervous energy implied in the perception of per- 
sonal being, exhibit a nicely balanced correlation of nerve- 
structure which we feel as vitality and know as health. 

Living nerve is receptive, perceptive, and active. The 
relations of nerve-tissues to one another insure organic sensi- 
bility, which is the customary evidence of vitality, and is 
called common sensation — that general susceptibility to im- 
pressions which is inherent in nerves, and which manifests 
itself in all the parts of the body through wMch sensory 
nerves are distributed, and which is inextricably interwoven 
with their tissues. Most portions of the human frame have 
special forms of sensibility peculiar to themselves, which sug- 
gest the feeling of ease or uneasiness arising from the manner 
in which the organic functions are performing their duty in 
the upbuilding or conservation of the bodily organs. There 
are therefore what we may call the digestive sensibilities, 
such as hunger, thirst, nausea, repletion j and the sentiency 
of the alimentary canal; the sensibility — the 

satisfactoriness or unsatisfactoriness of the breathing process, 
and organs employed in it, when the air inhaled is or is not 
supplied normally with its constituent elements, or the vital 
capacity of the lungs is or is not normal or in normal activity; 
the circulative sensibility, which, though vague in feeling and 
difficult to explain, certainly makes itself manifest in languor 
and depression, or in a genial glow of serene and quiet con- 
tentment; the sensibility of temperature, felt when the equa- 
bility of the outer and inner heat are in harmony, and the 
sensory powers are all so uniformly and gratifiedly exerted as 
to give the impression of comfort; and muscular sensibility, 
such feelings as arise from impressions of equilibrium, resist- 
ance, weight, strain, and the like, which are communicated to 
the sensitive filaments of the nervous system. This common 
sensation, which might almost be regarded as the passive, 
unexcited, static condition of the nervous system, cannot be 
unattended with feeling, must constitute portion of our ex- 
perience, and may be regarded as possessing a well-defined 
and distinct range of sensibility not customarily taken into 
account in our consciousness, though quite capable of being 
brought within its ken when the normal state begins to give 
indication that change is occurring. The sense of vigour or of 
malaise, of latent power or of infelt faintness, are facts which 
seem to prove that common sensation, or the inward feeling 
Of fitness for work and capacity for stimulation, which we 
usually call the tone of the system, is one of the powers of 
the nervous tissues; that there is, as it were, a vital health- 
point in each person which requires to be kept up, and which, 
when Wanting, is failure of nerve,” and which, when unduly 
’ superiibundant, constitutes nervousness.” If organic 


condition of the nervous tissues is normal, no noticeable con- 
sciousness of their existence and action is, as a general rule, 
felt; but any deficient supply of nervile force, or any super- 
abundance of it, as well as all measurable changes occurring 
in it, communicate to the nerve-centres, or the sensorium, those 
general impressions of fulness or want, of healthy or unhealthy 
state, &c,, which constitute common or general sensation. 

TOUCH. 

This is the most simple and generally diffused of all the 
special sensations — the least complex, not only in its mechan- 
ism, but in its impressions. It has its seat in the whole of 
the skin, and in certain parts, as the interior of the mouth, 
supplied with a mucous membrane. Its mode of action, by 
contact and pressure, makes its operation exceedingly simple. 
Yet it is a sense which conveys to the mind a large number 
of important impressions and conceptions — e,g, form, size, 
direction, distance, position, movement, force, &c. Each 
little space in the surface of the skin has.'a separate nerve in 
it, and a distinct communication with the nerve-centres con- 
cerned in touch, which, after patience and practice, enables us 
to localize impressions and refer the sensations we experience 
to the spot at which contact has taken (or is taking) place. 
The objects of touch are chiefly the surfaces of solid sub- 
stances. Neither gases nor liquids affect the tactile nerves 
much. Even equal pressure and perfectly smooth bodies do 
not stimulate the touch greatly. The roughnesses of and the 
changes in the things felt quicken the special sensibility of 
touch most influentially; the nature, properties, and constitu- 
ent parts of the skin have already been explained in Chapter 
II. p. 129. We are here only concerned with the tactile pro- 
perties of the skin, which throughout its entire extent is 
endowed with sensibility of touch. The tactile papillse of the 
cerium form prominences which are more or less thickly 
covered by the layers of the epidermis and the nerves which 
enter into the tissues of the cerium, and the epidermis receives 
the tactile impressions which bodies yield. The nerves of 
touch are — ^for the trunk and limbs, the posterior roots of the 
spinal nerves, and for the head, face, mouth, tongue, <S:c., the 
Mth pair of the cerebral nerves proceeding from the gray 
substance of the floor of the fourth ventricle, and issuing from 
the cranial mass in from seventy to a hundred nerve-filaments. 
These an object placed in contact with the skin compresses. 
The more lightly the impact is made the greater the sensi- 
tiveness evoked. Intense pressure deadens the tactile power, 
lessens the conductile capacity of the nerves, and makes itself 
felt rather as resistant force than touch. Sensations of soft- 
ness arise from the gentle contact of an extended surface with 
the nerve- filled skin. Pungency and pain make themselves 
felt when we have intense impressions made on small areas 
of surface. Sensations of slight, rapid, frequently changing, 
but constantly repeated touch, produce the sense of tickling, 
are capable of exciting slight laughter or of deepening into- 
intense uneasiness and pain; those of damp adhesiveness- 
excite a feeling of clamminess. Wetness and dryness appear 
to be sensations of touch, wliile those of temperature seem to- 
be results of common sensitiveness. Articulate discrimination, 
exercised by the sense of touch leads to distinguishable im- 
pressions of points, and therefore of number, position, distance,, 
roughness, &c. The sensibility to weight, hardness, elasticity, 
consistence, pressure, &c., is probably a compound result of 
touch and muscular experience. Form arises as a compound! 
ideal, as perhaps extension also does, when it projects itself as- 
space, movement, friction, &c. Touch is culturable, and is 
one of the main agencies man employs in handicraft labour, 
and in industrial pursuits or artistic manipulation. In these 
occupations, man requires to graduate ana regulate by touch 
the power and effort of his hand, so as to use only such force- 
as is needful in such manner as is best. Hence, any charac- 
teristic manner of doing anything with the hand — e.g, the 
fingering of the keys of a piano — is called “ the touch,” while' 
to preserve the closest and most direct relation of ourselves 
.with the events of our day is denoted by saying we ^‘keep- 
ourselves in touch” with the times. Of the skin, as adapt^' 
for furnishing perceptions of touch, almost enough has beeu 
already said on page 130. We may only here note that 
^^eris theory of touch is that witliin the papiflae of the- 
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there are distinct touch-corpuscles, consisting of a 
firm nucleated core, round which the nerves are coiled; and 
Krause maintains that in or beneath the papillse, where the 
skin is very delicately textured, there are minute end-bulbs 
of nervous tissue which communicate sensations derived from 
specially slight contact. There can be no doubt that the 
nerves of touch, so far as their special functions are con- 
cerned, as tliey are found at different depths in the adipose 

subcutaneous tissues of 
the frame, and are of 
different descriptions, 
are adapted in particular 
parts for special func- 
tions, and differ in fine- 
ness of texture and 
peculiarity of sensitive- 
ness in different persons. 

The sense of touch is 
subject to illusions or 
delusions of an extra- 
ordinary kind, which 
cannot be corrected even 
by the sight. The follow- 
ing one attracted the 
attention of Aristotle. Though so early observed, it has not 
to this day been fully explained. If we place on a table, or 
on the palm of the hand, a marble or any other small globu- 
lar body, and holding it with the fore and middle fingers, 
crossed alternately, so that the marble shall only touch the 
outer surfaces of the two fingers, we will believe tliat we touch 
two marbles though we know that only one is present. 

I SMELL. 

The nose, externally, presents the appearance of a pro- 
jecting triangular pyramid-shaped organ, occupying the space 
in the front of the face which extends from the forehead, at a 
point between the eyes, to the commencement of the upper 
lip. This does not include aU the structures required for the 
reception and perception of smell. The more important and 
essential portions are placed more deep-seatedly in a cavity 
formed witlun the bones of the face, above the organ of 
taste and at the entrance of the air-passages. These internal 
parts consist of two chief cavities, called the h&sbI fosses, sepa- 
rated from one another by a vertical septum, and subdivided 
by spongy turbinated bones, projecting from the outward wall 
of the face, into three meatus or passages, which communi- 
cate by narrow apertures with various sintcs or cells in the 
ethmoid, sphenoid, frontal, and upper maxillary bones. | 

We proceed to supply the student with a more specific 
technical description, which he should peruse carefully, fol- 
lowing each indication on Plate XL On this fig. 1 shows 
in profile the bones and fibro-cartilages of the nose— viz. 
a, the eyebrow; 6, the nasal bone; c, the nasal process of 
the upper maxillary; and cartilages of the sep- 

tum, side, alse, and sessamoid ; h, a nostril. Fig. 2 exhibits 
a front view of the same parts, and fig. Z represents the 
muscles— viz. /, the compressor naris; the pyramidales ; . 
A, the little compressor; ^ and ievatores aim; orbicu- 
lares; d and e, naso-labials. In fig. 4 we see the bones 
of tlie nose; a, frontal; h, frontal sinus; c, the ethmoids; 

septum; e, vomer; /, sphenoid; ^ and A, palatals; 
nasals; k, cartilaginous septum; I, the nose-tip. We look, 
in fig. 5, at the left side in profile: a, frontal; 5, etlimoid; 
c, d^ sphenoid and its sinus; e, nasal; /, the external nose; 

A, the palatal floor; % k, eustachian tube; m, n, turbin- 
ated and lachrymal bones. Pig. 6 is a frontal section, both 
nostrils being cut straight down just about the middle of the 
organ, though a littie further forward on the right than on 
the left: a, a, ethmoid; A, A, orbits; c, c, antrum; d, hard 
palate; e, vomer; /,/, superior turbinate; infeiior turbi- 
nates; A, A, Ifj meatus (passages); middle turbinates; 
n, n, cheek-bone sinus. In fig. 8 we have the outer ordinary 
sensory and motor nerves presented: «, A show how the great 
muscles of the eyebrow and eye are brought into play; c, d, 
nasal nerve; e, nerves moving muscles of the mouth; f naso- 
palatal; supra-orbital nerve; A, ^, supra-trochlear (fifth) 
nerve; I, infra-orbital; m,m, facial The special nerves of smell 


appear in fig. 7: a is an olfactory peduncle, broadened into a 
bulb at A; thence the nerve filaments pass tlirough the eth- 
moid d, to ramify externally on the turbinated bones and 
internally upon the septum, while the ordinary sensory nerve 
passes through the cribriform plate at ^,* the spheno-palatal 
ganglion is seen at m sending branches at o and p to the 
superior and inferior turbinate bones, and passing on to r to 
ramify over the palate. The olfactory nerve leaves tlje 
cavity of the skull by three roots, viz. (1) the inner, or short; (2) 
the middle; and (3) the outer, or long root. These three roors 
having united pass forward to, and rest on, the cribriform plate 
of the ethmoid where they appear as the olfactory bulb (fig. 
7, A). Prom the under surface of this bulbus olfactorius the 
distribution of its branches is given off. They pass in three 
groups through the cribriform plate of the ethmoid to supply 
the lining of the nostrils (pares). On the upper part of the 
septum, the inner of the three groups is distributed in dense 
masses and tufts; the middle group supplies the roof of the 
nasal fossae on the under side of the cribriform plate; and the 
outer group are distributed upon the upper and middle turbi- 
nated bones. All the surfaces within tlie nose are coated over 
with a tain, tough, highly vascular, delicate membrane, whose 
structure is simple — though consisting fundamentally of the 
same integumentary character as the skin— possessing neither 
papillae, cilia, nor glands, but which keeps itself continually 
moist by secreting in every part a clear, viscid, slightly saline 
mucus (fluid). The other portions of the mucous lining of 
the nose receive their nervous supplies from the fifth pair of 
the cerebral nerves. The narrow space which lies between 
the septum and the upper and middle turbinated bones con- 
stitutes the proper chamber of olfactory sensation, and is sup- 
plied by the first pair. When substances are presented to 
the nose, the air which is passing through the nostrils carries 
the odoriferous emanations into contact with the filaments 
of the olfactory nerves lining the nasal ciiambers, and so 
bring the possibility of sensory impressions within reach of 
the nervous centres. The condition necessary to the percep- 
tion of odours is that the scented particles come into contact 
with tlie surface under which the olfactory nerves lie distri- 
buted. There is probably some chemical action in operation 
to excite sensations of smell, and it is essential that the 
odorous particles be transmitted to the nasal fosses by a res- 
piratory current so as to cause their impingement on the 
proper nerves. The perception of odours by nerves having 
a special function, different from the common and general 
function of irritability, constitutes the sense of smell, one of 
peculiar sensation forming a member of a special class. 

TASTE. 

The tongue is the organ of . taste, and the seat of its sensi- 
bility is the mucous membrane which covers its surface. The 
anterior portion of the tongue is chiefly supplied with nerves 
of touch; the special ^nerves of taste are distributed in the 
posterior part, Le. in or near the root of the tongue (Plate XL 
^ fig. 9, e, e\ along its edges d,h\ and near its tip (<?). The 
upper surface of the tongue is covered with projections 
{^apill<]E\ either simple or compound. The former nearly 
resemble those of the skin, and are distributed over all those 
parts where the latter are not found, and they also enter into 
the formation of the compound papillae. These latter are 
of four sorts, (1) circumvallate or calciform, (2) fungiform, 
(3) conical, and (4) filiform. All these are richly served with a 
network of capillaries and nerve-fibres which enable them to 
exert their tactile and gustative functions (a, A, c). The cir- 
cumvallate papillae are found on the back part of the tongue 
(f^g), arranged in two rows like a V. They are highly vascular 
and sensitive prolongations of the mucous membrane, wliich 
are penetrated by nerve-tubes. They appear to secrete mucus 
besides imparting gustative impressions. They consist of a 
central, circular, flattened projection surrounded by a ring. 
The fungiform papillae (fig. 10) are narrower at their base 
than at their top, and are covered with secondary simple 
papUlee, They are distributed over the space in front of the 
calciform circumvallated tissues, and their epithelium or 
investing integument is exceedingly thin. Hence they look 
red, because the circulating blood is but thinly veiled from 
sight. The conical papUlee (fig. 11) do not present this red- 
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dened appearance. Their processes are long and pointed. The 
Mform papiilae have a thicker epithelinm, have a hair-pencil- 
like appearance, are partially mobile, and occur isolatedly 
here and there. It is probable that these latter two, from 
their being more developed in the portion of the tongue most 
employed in the movements requisite for mastication, hpe 
more to do with the directing of the muscular mechanism 
and of the material subjected to trituration than with the 
production of gustatory sensations. The extreme thinness 
of the investuring skin of all these papillae make the stimu- 
lation of the nerve fibres by the sapid substances dissolved 
in the mucous membrane easy, for the contact of bodies in a 
liquid state and in motion seems to be essential to true 
gustative impressions. The gustative perception is pro- 
bably the result of the stimulation of the nerves by a 
chemical action upon the surface of the ton^e affecting the 
tissues of the nerves. Sapid substances liquefied not un- 
frequently give off odorous matters at the same time, so that 
we have a simultaneous stimulation of the olfactory and the 
gustatory nerves. When the latter alone are excited we 
perceive savoury when both flavour. 

Some gustative sensibility is manifested by other parts 
than the surface of the tongue. The soft palate and uvula, i 
the palatal arch, and the fauces are found to be capable of 
taste, though their perceptions are less delicate and rapid. 

Hence the determination of the precise seat of the true sense 
of taste, and the question of the sources of the nervous fibres, 
have led to much discussion. We aim at a popular statement, 
and it appears to us to be generally accepted, that the third 
division of the fifth nerve has a threefold task: (1) it is one of 
the special nerves of taste; (2) it supplies common sensation 
to the tongue, and, in addition, to the skin of the temples, 
the outer ear, the lower portions of the face, &c.; and (3) 
it provides the power required for mastication to the chief 
muscles employed in that function, except the buccinator. 

The glosso-pharyngeal nerve, through its two lingual branches 
distributed to the sides and root of the tongue, and perhaps 
its tonsilitic plems, also imparts a large proportion of taste- 
perceptive nervous fibre. Some physiologists grade the 
papillary sensibility of the tongue and its co-agents into a 
threefold range, (1) touch, (2) taste, and (3) relish, as mere 
sensational pleasure or pain, as a combined result of sensa- 
tional excitement and alimentary acceptability, or the reverse. 

The chief sensations of taste are acridity, astringency, fieri- 
ness, salinity, acidity, alkalinity, sweetness, bitterness, relish 
or goMy and disgust. 

The uses of taste, besides its being a source of enjoyment, 
are to excite the flow of the saliva and mucus which are to 
prepare the food for the stomach, and to inform us of 
qualities in the objects which excite it, which bear a certain 
relation to their salubrity and digestibility. 

The tongue consists of two lateral portions, which are 
symmetrical Its form is triangular, being broad at its 



base, where it is connected by a continuous mucous mem-, 
brane to the palate and epiglottis, and by several pairs of 
muscles to the os hyoides and lower jaw (as shown in 
figs. 12, 13, Plate XI., the former being a side view and the 
latter a vertical section of the tongue and lower jaw). The 


mass of the tongue is made up of the muscles which move it. 
They consist of the following pairs:— The stylo-glosmsy 
which draws the tongue back; the hyo-glossusy which de- 
presses the side of the tongue; and the genio-hyo-glossusy 
which renders the tongue concave, and projects and depresses 
its point. Several other muscles connected with the os 
hyoides and lower jaw act indirectly on the tongue. The 
accompanying figure will give a sufficiently accurate idea of 
the larger muscles and nerves composing the bulk, the 
general form, and the connections of the organ. 

HEABING. 

The ear, which is the organ of hearing y is a much more 
complex instrument than it might at first sight appear. As 
a sensory organ it may be regarded as consisting of two parts, 
(1) a conducting, and (2) a perceptive part. The first por- 
tion of the apparatus comprises five distinctly marked parts: 
(1) the pinna, auricle, or concha — i.e, the broad piece of elastic 
cartilaginous flesh attached to the side of the head and having 
the form of the lower part of an air-funnel, which is in ordi- 
nary language called the ear, and has for its purpose the 
reception, condensing, and intensification of the vibratory 
waves entering into it. In Plate XII. fig. 1, a is the helix, d 
the notch, and e, k the fossa of the helix; dyfy the antihelix, 
and ly its fossa; m, the concha proper; A, tragus and anti- 
tragus; figs. 2, 3 give the muscles of the pinna as follows:— 
a, attollens auriculse; attrahens auriculae; cCy retrahentes 
auriculae; d, Helicis major; e, Helicis minor; d (fig. 3)trans- 
versus auris. (2) The auditory meatus (canal) or outer tube 
of the ear, leading from the auricle to (3) the tympanum or 
drum-head, a delicate membrane stretched obliquely across 
the auditory opening, thus preventing any communication, 
through this opening, between the outer air and the drum. 
Of this fig. 4 supplies a view of the right labyrinth, the 
cochlea removed and the vestibule thrown open; fig. 5 a 
shallower section through the cochlea; fig. 6 a mould of 
the same part, in which a shows the vestibule, h fenestra 
ovalis, c cochlea, g its summit, d, e, f the upper, lower, 
and exterior semicircular canals. Pig. 7 is a section of 
same part. (4) The tympanic cavity or middle ear, which 
lies behind the drum-head, is about a bean’s size, is filled 
with air, and contains (5) the three ear-bones or auditory 
ossicles — viz. the stapes or stirrup, malleus or hammer, 
and incus or anvil, which lie within the tympanic cavity, 
and are united by little joints permitting of motion among 
themselves. Fig. 8 indicates, at a the hammer, n the 
stirrup, and b the anvil, and at o the os orbiculare; a b m 
the head, c the long process, d the short process, e handle of 
hammer, / body, g short and h long process of anvil, 
^ head, I k limbs, and m foot of stirrup; and fig. 9 repre- 
sents them in position (a being the hammer, d the anvil, and 
e the stirrup resting on the fenestra ovalis, h vestibule, i first 
turn of the cocMea, k mastoid cells). These various co- 
operating parts receive and con- 
vey the vibrations which constitute 
sound into the inner ear. 

The second constituent portion 
is the inner or perceptive ear. It 
is placed in direct communication, 
by the nerve of hearing, with the 
brain. This inner ear, to which the 
vibratory waves of air have been 
conveyed, is a delicate but complex 
structure. It consists of a series of 
differently shaped cavities chased out 
of part of the temporal bone, one of 
the liardest in the body — on which 
account it is called petrosal (rocky) 
(fig. 9, by y, U), These communicate 
with the middle ear by two small 
foramina (openings), one oval and 
one round. Into the membrane 
which covers the oval aperture the foot of the stapes is 
fixed. The petrosal cavities are three in number: (1) the 
vestibule or entrance A, (2) the cochlea or snail-shell bone 
(fig. 10), and (3) the semicircular canals, of which there are three, 
the front vertical, the hinder vertical, and tibe horizontal 
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lying almost at right angles to each other. The mem- 
branous labyrinth is filled with a fluid called the perilymph, 
such as exists in the brain, and upon the walls of this membrane 
the ultimate filaments of the auditory nerve are distributed. 
In the interior of each membranous sac there are certain 
small mobile hard bodies, called octoconia or ear-sand, con- 
sisting of crystals of carbonate of lime which, when moved 
by the beating of the waves of the fluid caused by the vi- 
bratory impulse communicated from without, knock against 
the delicate nervous tissues and awake the sensation of 
sound. The vibration or oscillation of the outward airy 
waves transmits their influences to the labyrinthine fluid or 
endolymph, and moves them along the surface of the audi- 
tory nerve. When, on the occurrence of a shock, excessive 
pressure is put upon the fluid of the labyrinthine cavity, the 
membrane of the oval aperture bulges out and allows the 
force of the rebound to be evaded, that the shock may be 
home without injury to the inclosing membranous sac. Under 
Aooitstios the principles which regulate the perception of sound 
will be explained; but physiologists are, as yet, unable to sup- 
ply from their knowledge of the science an explanation of the 
reason for the organs of hearing being composed of structures 
so heterogeneous, or of the mechanism which regulates the 
sensation of sound, and enables the organ to apply a phono- 
metric measure to the intensity and height of sounds. All 
normal ears are sensitive to the quality, quantity (or volume), 
and intensity of sounds; most possess the specific suscepti- 
bility to pitch which forms the basis of music, and may acquire, 
more or less accurately, by experience and habit, perceptions 
of the articulateness, ^stance, and direction of sounds. 
Sounds, in quality, vary from sweet, rich, and mellow, to 
harsh, grating, and dissonant; in quantity, mass, or volume 
sound indicates the surface-extent and amount of the matter 
from which sound issues; in intensity we remark the differ- 
ence between loudness and lowness in gentle and moderate 
tones, and those which come with smart pungency upon the 
ear. Suddenness generally adds the feeling of acuteness to a 
sound. Pitch indicates the rate of the vibrations of a sound- 
ing body. A musical note is a sound of uniform pitch, as is 
explained in Mnsio (p. 175). Hence we have perceptions of 
harmony and discord, of the qualitative difference of sounds, 
called timbre. The discrimination of articulate sounds de- 
pends on our sense of pitch. Sensibility to distance as regards 
sound is a product of observant experience, as are also our 
perceptions of direction and duration, which are compounds 
of auditory sensations with mental operations. Perceptions 
of ringing in the ears, buzzing, humming, ticking, &c., and of 
the real or apparent externality of sound, are mainly sub- 
jective, not objective impressions. The seventh pair of nerves 
consists of two distinct cords — (1) the fortio dura or facial 
nerve, small, dense, and lying towards the interior; and (2) 
^tfortio mollis^ soft, pulpy, and external. They are found 
side by side on the border of the crus cerebell% and the latter 
may be traced from the transverse lines of the floor of the 
fourth ventricle. A few fibres are received from the rectiform 
body, and it is said to be connected with the gray matter of 
the medulla oblongata. It enters along with the facial 
nerve into the meatus auditorius internus (the inner audi- 
torial passage), at the bottom of which it divides into the 
cochlear and vestibular branches. The former, in two divisions, 
forms a network of nerve filaments which come into peculiar I 
relations with the epithelial lining, and some of them are said I 
to terminate in certain rod-like bodies, called the fibres of Corti, ' 
in the scala media of the cochlea. The latter divides into three 
branches, of which the superior is distributed to the superior 
depression and the external semicircular canals; the middle 
passes through the hemispheric sac of the labyrinthine mem- 
brane; the inferior is distributed to the ampulla (end) of the 
posterior vertical semicircular canal. The details are too 
minute and intricate for popular exposition. Let it suffice to 
say that “ ear-gate” is a most carefully constructed and well- 
protected organ, deserving rightly to be regarded as one of 
the most important. Touch and taste bring us into relation 
with things around us. Hearing introduces us into relation- 
ship one with another. Sonority in things and creatures 
communicates information and sensational experience; but 
the human voice is the counterpart of the human ear — the 


one is fitted to the other, and tins mutual relation makes 
social life possible, and brings us within the range of the 
transmission of thought. The intricacy of the anatomy of 
the ear is only an indication of its immense value, and the 
necessity for taking care by cleanliness and culture to keep it 
healthy and make it useful. 

SIOHT. 

The eye, for the extent, variety, and rapidity of the in- 
formation it communicates, is unrivalled among the senses; 
but it is more wonderful still for the structural adaptations 
it displays. It is a very perfect optical instrument, finely 
organized and delicate in texture It consists of a hollow 
ball or globe composed of three coats — (1) the sclerotic, 
(2) the nutritive, and (3) the retina — each different in struc- 
ture and purpose. The sclerotic is thick, tough, and elas- 
tic. It forms, with the cornea which joins it, a protective 
cover to the whole mechanism, and imparts its fine white 
colour to the organ. Within the sclerotic (dense) layer lies 
the choroid or nutritive coat, intricately ramified through its 
whole tissues with bloodvessels for the nourishment of the 
tissues of the eye and the supply of its waste. It is stained 
of a deep brown colour by the animal paint or pigment which 
lines and darkens the interior of the eye, and absorbs those 
rays of light which, if they were to pass through the inner- 
most coat, would blur and confuse the vision. The retina is 
the net-like nervous or sensitive coat, composed of an expan- 
sion of the optic nerve, on the delicate structures of which 
impressions are formed, and are thence transmitted to the 
brain. The cornea may be called the window of the eye, 
admitting the passage of the rays of light into the interior. 
It is an exquisitely clear, transparent, yet firm material, 
which replaces the opaque layer of the sclerotic just in front 
of the eye, which serves as a wall to contain the humours 
of the eye, and to give the rays of light admission to 
them. Behind it, acting as the curtain of the window, is the 
bright and variously coloured iris, a thin circular membrane 
having in its centre an aperture which, by the action of the 
iris, enlarges or contracts so as to regulate the amount of light 
permitted at once to enter the interior. One set of muscular 
bands, like the strings round the mouth of a bag, draw in its 
edges and lessen its size; while another, radiating from the 
centre, like the spokes of a wheel, by their contraction draw 
out the edges and increase the size of the pupil. In Plate 
XII., fig. 12, a is the optic nerve, b sclerotic, c cornea, 
d, cteoid, / the ciliary body, h ciliary processes, % iris, h 
aqueous humour, I vitreous humour, m retina, o crystalline 
lens. The more minute details indicated by the lettering 
may be found serviceable in pursuing researches further 
than can be done in an outline so restricted as the present. 
In Pig. 13, e is the pupil, d iris, b ciliary processes, c, c, a 
border of retina, as seen from behind. Pig. 14 shows a front 
view of the same. Behind the iris is the crystalline lens o 
(fig. 12), a rounded transparent substance inclosed in a 
close-fitting capsule or shell, like a clear magnifying glass, 
which is capable of movement so as to change the focus of 
the eye and adapt it to the requirements of distinct vision. 
It may be made microscopic or telescopic according to need. 
Betwixt the cornea and the lens there occurs the aqueous 
i or watery humour, a fluid differing little in composition from 
pure water; and the space behind the lens is occupied by 
a thin, clear, colourless, jelly-like matter called the vitreous 
(glassy) humour. The muscular mechanism by which the 
eye is moved has been already described, and is exhibited 
in fig. 16, in which a is the eyeball, b levator palpehrce 
mperioris, c levator oculi, e depressor oculi, f adductor 
oculi, d abductor oculi, g ohliquus inferior oculi ; but there 
are still a few structures which, though not constituting 
parts of the eye proper, are of great importance to its 
usefulness and preservation. The eye being exposed to the 
action of irritating substances, as dust, the transparency 
of its clear window-like aperture would soon be obscured if it 
were not covered, protected, and able to be cleansed. The 
eyelids protect it from the access of light while we are 
asleep, forming moving shutters over them, and while opening 
and shutting cleans them with the help of that moisture 
, which keeps them soft and smooth while it aids the eyelids 
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to pass without friction over the surface. They also direct 
the watery fluid which forms tears into their proper channels. 
The fringe of the eyelid preserves the eye from the intrusion 
of small insects or objects flying in the air, while, on the 
inner surface of the lids, certain glands secrete a greasy 
unguent which prevents the tears, unless under the stimulant 
of strong emotion, from overflowing the edge of the lid and 
running down the cheek. In fig. 18 the eyelids, a, h, are seen; 
c, orifice of the Meibomian glands; d, caruncle of the inner 
canthus. Pig. 17 shows the orbits, with their ciliary and tarsal 
margins: <3;, /a, the lachrymal ducts; z, the head of 

the lachrymal sac; k, the lachrymal canal; d, the lachrymal 
lake; c, the emunctories. 

Such is the outward apparatus of vision as a living optical 
instrument, a globular mass imbedded in a cushion of fat 
which lines the cavity of the orbit, moved and managed by an 
admirable muscular mechanism, and served by the optic nerve 
attached to it almost like an elastic handle. From the orbit 
of each eye the optic nerve (/, fig. 16) passes backwards through 
a special aperture into the cavity of the skull. At this point 
the two nerves cross, unite, and form an azygos, or single 
middle piece — the chiasma or optic commissure — after which 
the two nerve-trunks again separate and take their way now 
as flattened bands to the brain, along the optic tracts sur- 
rounding the crus cerebri and passing on to the optic thalamus. 
The optic nerve consists of numerous independent fibres which 
mainteiin their distinctness all the way into the brain, and 
are capable of carrying specific impressions to the centres of 
perception. 

The optic nerve is susceptible to the play of light. [In 
Natueal Philosophy the laws of light will be explained.] 
Perfect vision requires a sufiicieiicy of light, so as to afford a 
correct image of objects on the retina. TMs makes demands 
for singularly minute subdivisions in the retina capable of 
independent sensation. This power of minute observation 
is confined to a very small portion of the retina, sometimes 
designated the yellow spot, the area of distinct vision. The 
eye, however, can adapt itself to vision at various distances. 
Though we have two eyes they present us, in a healthy con- 
dition of the organs, only with single vision, and though the I 
objects mirrored in the eye are inverted in the image formed 
on the retina, the impression furnished to the perception is 
that of things upright. They are co-ordinated in their pass- 
age to the cerebral sensorium. 

The eye yields us sensations of light and shade; makes 
us acquainted with the science, effects, and various pheno- 
mena of colour; and induces in us a sense of lustre. It 
greatly aids us in forming conceptions of externality, form, 
motion, distance, dimension, volume, solidity, proportion, 
position, &c. By the eye, indeed, llTature is made to us a 
book comprising more surprising and profound lessons than 
any hook can ever contain. It transforms reality into pic- 
tures, and enables us to perceive the reality and beauty of 
drawing, painting, and art- work of all kinds. It makes 
known to us the largest alphabet of knowledge, life, and 
emotion, and it enriches the mind with the highest and best 
of all possible reproductions of human experience. It illumines 
creation for us into experience, science, poetry, and joy. 

The nerves, as the sensitive material of the frame which 
brings us into relation with the outward world, with one 
another, and with other living creatures, constitute the inter- 
preters to the consciousness of our own physical condition 
and our wants or joys; of the phenomena of nature, and the 
curiosities it inspires; of the feelings originated in us by 


the animal and vegetable creation; of the living sympatMes 
excited in us by the fellowships and friendships of the world. 
By the nervous system we are made possessors of those per- 
ceptions which give us a conscious place among the products 
of creation, and a task to do in the world — namely, to live to 
good purpose for ourselves and others. 


BOOK-KEEPING.— CHAPTER V. 

BUSINESS BOOKS AND THEIE USES— BILL BOOK, INVOICE 
BOOK, AND JOURNAL. 

The primary records of business transactions are the Cash 
Book, Sales Book, and Day Book, the nature and form of 
which we have explained and illustrated. We have also 
indicated that many subsidiary books may be used, suclx as 
Petty Cash, Warehouse, Stock, Order, Invoice Books, &c. 
In the Cash Book and its auxiliaries, all cash, a*, e. actual 
moneys received or paid, are entered and so accounted for. 
The Day Book and its adjuvants supply a register of all 
credit transactions — piircliases, sales, and all charges, com- 
missions, &c., which arise as concomitants. Froni these books 
the book-keeper can form a clear, succinct vidimus of the 
business, ready for examination and inspection at any time. 
In order to enable him to accomplish this with desirable pre- 
cision, there is a book employed in every important business, 
into which all the daily transactions registered in the several 
books are collected with regularity and in order. This book 
is called The Journal,” and as the late F. H. Carter said, 
“constitutes and perfects the system of double entry.” 

Before proceeding to deal with journalizing, we had better 
draw the student’s attention here to two subsidiary books of 
great importance in business — viz. the Bill Book and the 
Invoice Book. 

Traders are in the habit, in the course of business, of giving 
and taking hilU^ A biU is a formal written engagement that 
a certain person — technically called the drawer or acceptor — 
shall pay to the drawee, the payee, or his representative, at a 
stated time, a stated amount in consideration of value re- 
ceived. Bills received from customers in quad payment of 
goods are called Bills Receivable — that is, Bills of which the 
money noted in them is to be received on maturity, or when 
they become due; and bills granted to parties from whom 
goods have been purchased are designated Bills Payable — Le, 
bills which indicate that a sum of money is to be paid at a 
certain da.te. Bills may be variously expressed, but their 
tenor is in general somewhat as follows: — 

London, 2Zrcl Sept, 1888. 

£352 10s. 

Three months after date, to my Order, the sum of 
Three Hundred and Fifty-two Pounds Ten Shillings, for 
value received. 

JAMES ANDREWS. 

To Mr. Howard Blaok, 

33 Lombard St., London. 

On such a bill being accepted— in wliich case it would bear 
across the face of it the word “ accepted,” together with the 
signature of Mr, Howard Black, and (usually) the place 
where payment is to be made— it may be entered in the Bill 
Book with all the particulars concerning it stated in the 
most concise and precise form, for example thus, in wMch 
the first form represents the entry in Mr. Andrews’ Bill Book 
and the second in Mr. Black’s: — 


BILLS RECEIVABLE. 


m. 

Bate [-when 
Received.} 

Prom whom 
Received. 

The Sum [to 
he Paid!) 

[Actual] Date 
[of BfU.] 

Term [of 
Payment.] 

When Due. 

Cash 

Folio. 

Ledger 

Folio. 

17 

24tb Sept., 1888. 

Howard Black. 

£352 m, Od 

23rd Sept, 1888. 

3 Mos. 

26th Dec. 

39 

65 

BILLS PAYABLE. 

-No. 

Bate [-when 
Granted.] 

To whom 
Granted. 

The SiUDu 

Date. 

Term. 

When Due. 

Cash 

Folio. 

Ledger 

Folio. 

di 

28rd Sept ' 

James Andrews. 

£352 lOf Od 

23rd Sept 

8 Mos. 

26th Dec. 

48 

38 
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In some cases a column is added such heading 

as “How disposed of ’Win which such entries are made as 
paid, renewed, dishonoured, protested, recovered, received 
dividend of (so much) per £, &c., as the case may be. 

Bills are, in point of fact, a conventional currency, at least 
ostensibly, representing money. Given and accepted as cash 
for convenience’ sake, they are not, however, treated precisely 
as cash; but a mode of recognizing and registering them has 
been devised in the Bill Book, so as to fulfil the requirements 
of trade. The Bill Book is really a supplement to the Cash 
Book, in winch we register all moneys joromucc? but not 
Those which we have received, and for which we require to 
receive payment, being put among Bills Receivable, because 
we have and hold them in lieu of cash [to be] received; and 
those which we have granted, and of which we require to 
make payment, being put among Bills Payable, because we 
are holden, and ought to hold ourselves, bomid to replace 
them by cash. Bills Receivable are therefore, as it were, 
/)r., and Bills Payable O. — that is, hold the same relative 
place in the Bill Book that they would have had if they had 
been (not representative, but real) cash. 

Bill Books are sometimes arranged with Bills Receivable 
on the left-hand side, and Bills Payable on the right; but 
more frequently one part of the book is arranged for the 
former and another part for the latter. Of course, if we 
want to know how we stand relatively as to “ Bills due by us” 
and “ Bills due to us,” we must sum up the amounts of all 
bills receivable and all bills payable, and subtracting the 
less sum from the greater, the remainder will show the balance, 
and on which side it lies. 

Bills are entered in the Cash Book when cashed — whether 
on being discounted before or on being paid at maturity — as 
cash received or paid, as the case may be, that is, if receiwd^ 
enter it in the Cash Book as Dr. Bills Receivable (giving the 
No.), and Cr. the account of the person from whom it has 
been received with it as a payment; and, if granted, make 
the person who received it Dr., and make a Cr. entry in your 
favour in Cash Book Bills Payable (adding the No.) Of 
course, ail bills receivable are accepted in lieu of cash, and 
are as cash Dr., and all bills payable are granted in lieu of 
cash, and are therefore Cr., according to the general rule, 
holding good in regard to every account opened, that, so far 
as refers to the particular matter noted in any account, what 
is received is Dr., what is given out Cr. 

The Invoice Book is a sort of subsidiary to the Waste Book, 
It is used for keeping an account of goods bought on credit 
With every delivery of goods purchased an invoice, i,e. a 
priced list of the goods purchased (and sent), ought to be 
forwarded. It should state the quantity, quality, distinguish- 
ing marks or numbers (if any), price (gross and net), charges, 
commission, and any other important particulars requiring 
mention. The use of an invoice is to furnish a complete, 
correct, and ready record of all the particulars involved in 
the purchase. This when received should be, of course, not 
only carefully compared with the order given, but with the 
goods sent, to see that all these tally; but it ought also to 
be safely preserved, as an authorized statement of the pur- 
chases effected and their cost, &c. In the Invoice Book 
correct copies of these documents are made, and the sum 
of their amount is filled into an outer money column, so as 
to be readily seen at a glance. After the copy has been 
made, giving, of course, in legible characters the name and 
address of the persons from whom the goods have been 
bought, and extending the money-column as advised, the 
invoice should be diligently compared with the copy, and 
a memorandum should be made on the lower corner at the 
left hand — ^preferably in red ink, of the date of comparison 
of goods and invoice, and of the copy being taken — stating 
the page of the Invoice Book on which the entry has been 
made, and a mark V should be inserted in the margin 
of the book to show that this has been seen to. There- 
after^ each invoice ought to be taken, folded carefully 
(making, if possible, all invoices of uniform size when folded, 
and labelled with the name, date, and amount on the out- 
side). They should then be arranged — either alphabetically 
or according to date — ^between two pieces of cardboard, put 
on a file, inserted in a slip book made for the purpose, or 


pasted into a rough cartridge-paper album, having index- 
letters, so as to be easily — even instantly — ^got if requiring 
to be referred to. Some houses only enter the names, 
address, dates, kind of goods, and total amount in their 
Invoice Book, and regard it as more convenient to preserve 
the invoices as sent, arranged in some readily inspected 
form, having had due care taken to vise', examine, and en- 
dorse entry and invoice in a proper way. It will at once be 
seen that the Invoice Book is really an expedient adopted 
to relieve the Waste Book from an accumulation of petty 
details only tending to increase its bulk and decrease its 
usefulness, at the same time that it relieves the Waste Book 
clerk from mere copying work, which can be attended to by 
a junior clerk. The Waste Book entry can then be restricted 
to a single-lined insertion running in this fashion : — 

May 12 th, 1888. — — — — ' 

Messrs. Hamilton, Edwards, & Payne, Paragon Square, Derby. 


Bought Goods of (as per Invoice^. 31 B), 


404 17 11 


While the Invoice Book entry, if made in a book, might 
stand in full thus: — 

Messrs. Hamilton, Edwards, & Payne, Paragon Square, Derby. 

Or. 


By 160 yards Black Silk, at 5s. 4d, 

“ 120 Velvet, at I2s, 6d., . 

“ 160 “ Coloured Silk, at 85. 4d., 
“ 16 pieces Velvet, 20 yards, 

at 14s., 

Wrapper, Package, Booking, &c., 


224 0 

0 14 


11 i I II 404 I 17 I 11 

The Journal is an invaluable book, although considerable 
ingenuity has been exercised in inventing plans for dispensing 
with its use. It is, in fact, the digest of all the other entries 
made in the books already mentioned. It reduces each entry 
to its proper head, arranges and classifies every transaction 
according to the plan of ledgering adopted in the business, 
so as to fit it for immediate transference into the ledger, 
and it adjusts every item of the debit and credit transactions 
of the merchant or business man into its precise relation to 
the merchant and his customers. The principle on which it 
is constructed is exceedingly simple in its ideal, and though 
it is appropriated to use in double entry, it can be quite 
easily understood, even by the uninitiated, if they will attend 
to the very simple explanation required to show its use. 
Every transaction in business is of the nature of an exchange, 
that is, giving one thing on condition of receiving another as 
(in this sense) its equivalent. Every person who sells gives 
out of his stock what somebody else adds to his stock, and 
every one who pays for what he buys gives out exactly what 
the seller receives. Each person therefore, in his books, 
appears as a receiver, that is, a debtor for what he buys; and 
as an expender, and therefore a creditor, for what he pays. 
It is easily seen that in the account of any two merchants 
the records of their mutual transactions should be, in 
reality, exactly the same in their items, but that the Dr. 
side in the one’s books will correspond with the Cr. of the 
other’s, md vice versa. In book-keeping by doable entry 
this ideal is realized by the duplication of the accounts in it; 
and the arrangement of those accounts so that between any 
two accounts there must necessarily be a debit entry made in 
each one, and a per contra to the credit one made in the 
other, so that the total of the credit entries must exactly 
balance the total of the debit entries, and vice versa. In 
■ the Journal the exact nature of the entries to he made in 
the Ledger are classified, arranged, noted, and prepared for 
transference. The Journal is thus arranged: — (1) On the 
left-hand side a column for the month; (2) for the day 
thereof; and (3) for the folio in the Ledger into wMch the 
entry has been posted (to be noted in the Journal after 
the entry has been made in the Ledger). In the centre of 
the page the title of the accounts in the Ledger to which the 
entries are to be transferred next appear, with an indication 
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of their being debit or credit. On the light-hand side are 
arranged double money columns, the inner reserved for 
Dr. entries and the outer for Or. ones. Of course it will 
be seen that if each debit account is precisely balanced by 
a credit one (or more than one, making up an equivalent 
to one), each column on each page on being summed up 
should yield a similar total, so that the one column acts, in 
a certain sense, as a check on the other. The principle kept 
in view in this, as indeed in all book-keeping, is that every- 
tlung that comes in to a business results in a Dr. entry, and 
everything that goes out forms a Or. one. This being the 
case, let us see what shape the following simple (illustrative) 
transaction would take in journalizing. John Thornton, of 
Blythe Street, Liverpool, has supplied the firm, whose books 
it may be supposed we are keeping, with four hogsheads of 
sugar at £11 7«. Qd., and six tons of tea at £4 45., and 
that due entries have been made of this transaction in the 
Day Book. We know that sugar and tea (having accounts 
assigned to them) have received the purchases, and that 
John Thornton has parted with them. These fetcts would 
stand thus under the journalist’s classification: — 


JOURNAL. 

Dat^’ Accounts. Dr. Cr. 





£ 

8. 

D. 

£ 

s. 

D. 

Nov. 18 

41 

John Thornton, Cr., 




70 

14 

0 


16 

To Sugar, . . . 

45 

10 

0 





8 

“ Tea. . . . . 

25 

4 

0 







70 

14 

0 

70 

14 

0 


GIOMBTRY.— CHAPTER V. 

The magnitude of an angle is quite independent of the length 
of the lines by the union of which it is formed. The clearest 
practical idea of an angle that can be got is to be had by 
supposing one side of it to be superimposed upon the other, 
and thereafter to be turned about the meeting point, as the 
leg of a pair of compasses opens from the hinge, or as the 
blade of a knife opens from its joint. The seventh definition 
(p. 55) requires us to conceive of a right angle as precisely 
one-half of the possible angular space on one side of a straight 
line, and implies that the angles formed at any point of one 
straight line by the meeting of another with it, are equal to 
two right angles. The thirteenth proposition is an extension 
and development of that definition, and the fourteenth pro- 
position is only the converse of the thirteenth one ; while the 
fifteenth, which might readily be deduced from definition 6, 
is really a development and rigorous proof of the accuracy 
of that definition. We have now to consider 

Proposition XIIL 

The angles which one straight line makes with another 
upon one side of it, are (1) either two right angles, or (2) are 
together equal to two right angles. 

A very simple practical proof of this proposition presents 
itself at once, viz. : — Let A B be a straight line making angles 
with the straight line D C, on one side of it Then with the 
meeting point B as centre, with any radius, let the semicircle 
D E 0 be described. It is obvious that the angles formed by 



A B with C D are either two right angles, in which case (1) 
A B would be a perpendicular and DBA equal to A B 0; or 
(2) a perpendicular, B E, being drawn, the angle E BD will 
be a right angle, and the angle E B C, containing the angles 
A B E, A B C, is another right angle, so that the three last- 
named angles are together equal to two right angles. 

Euclid, however, proceeds very deliberately. He sees that 
there are evidently two possible cases before the mind— viz. 


(1) when the two (supposed or ^ven) angles are equal to one 
another, and (2) when they are unequal. In the first case 
the proof is immediate, for by definition 7 each is a right angle, 
and all right angles are equal. [We must, however, beware 
of supposing that the converse is also true — viz. that all equal 
angles are right angles, which is very evidently an incorrect 
proposition.] In the second case, if ABB is the greater, a 
perpendicular, B E, drawn (Prop. 12) from the point B will 
fall within the angle A B D and divide it into two angles, 
E B D and ABE. Then the sum of the two angles 1 B D 
and BBC is equal to the sum of the three angles ABC, 
ABE, and E B D. But the angle E B D is a right angle, 
therefore the sum of the angles A B E, A B C, is equal to the 
right angle EEC, and the sum of A B D and A B C is equal 
to two right angles. Q.B.D. 

Corollaries. — Two angles are said to be supplementary 
when their sum is equal to two right angles; and therefore, 
two angles whose supplements are equal, are themselves equal. 
If one be a right angle the other is a right angle; if one be 
obtuse the other is acute ; and if one be acute the other is 
obtuse. A semicircle is the measure of two right angles, and 
all the angles formed by the converging of any number of 
straight lines to one point on another straight line, are 
together equal to two right angles. Two angles whose com- 
plements are equal are also equal one to the other. 

The preceding proposition is a theorem of great practical 
importance in trigonometry and astronomy ; for when we 
know one of the angles which a straight line meeting another 
straight line makes at a point in it, we can easily find the 
other by subtracting the given angle from 180 degrees— 
let any angle equal 36 degrees, the other is 144; or let us 
take a right angle, which is 90 degrees, and we get one angle 
36 degrees and the other 54 degrees. Any single angle of a 
triangle is less than two right angles. 

The precise converse of the preceding proposition is now, 
by Euclid, placed before us, as a theorem, in 

Proposition XIV. 

If at a point in a straight line, two other straight lines on 
the opposite sides of it make the adjacent angles together equal 
to two right angles, these two straight lines shall he in one and 
I the same straight line [or, if two adjacent angles are supple- 
mentary, their non-coincident sides are in the same straight 
line — i.e. must form perpendiculars to the coincident sides]. 

I At the point B, in the straight line A B, let B C and B D 
make the angles A B C, A B D, together equal to two right 
angles, then B C and B D will form one and the same straight 
line. For the line C B produced must form with A B an 
angle equal to the sup- 
plement of ABC, that is, 
by hypothesis, equal to 
DBA, and hence B D 
must be the production (in 
the same straight line) of 
B C. If, however, this 
should not [seem to the q 
student to] be the case, 
let B E be made in the same straight line; then the straight 
line A B, with the straight line C B E, makes the angles 
A B C, A B E adjacent angles, which are together equal to 
two right angles (Proposition 13). But, according to the 
hj^othesis with which we started, A B C and A B D are sup- 
plementary angles, and together equal to two right angles; and 
things which are equal to the same thing are equal to one another 
(Axiom 1). Therefore ABC, ABE are equal to ABC, 
ABD. Take away from these equal wholes the common 
part ABC, and the remainders are equal, that is, A B E to 
ABD, the less to the greater, which is impossible. The 
fine BE is therefore not in the same straight line with 
BC; and it may be shown in a similar way — either by 
letting BE (1) fall below BD or (2) rise above it — that no 
other line than B D is in the same straight Une. Where- 
fore, if at a point, &c. Q.E.D. 

The theorem^ which Euclid next calls upon us to regard as 
true and right is really a development of the definition of an 
angle (p. 55). If the lines at the angular point are produced, 
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they must have the same inclination to one another as the 
original lines had, only in a different position. This appears 
very plainly in such angles as are given in the figure, where 
G B B and ABB are equal, because they have the same sup- 
c 




plement BED; but it is not quite so perceptible in all cases, 
and Euclid proves it, broadly stated, to be a fact through 
the following illustrative figure in 

Peoposition XV. 

If two straight lines cut one another, the 'vertical or 
opposite angles shall he equal. 

We had, perhaps, better interject here the remark that 
angles are said to be opposite to each other when the sides 

of one are the sides of the 
other produced. Let the 
two straight lines, A B, 
CD, cut one another in 
the point E. The vertical 
angles, A E D, B E C, are 
equal one to another, and 
likewise ABC, BED. 
The angles AEG, AED 
are (1) adjacent angles, (2) together equal to two right angles. 
So likewise are the angles A E 0, C E B. A E G, A E D are 
together equal to A E 0, 0 E B therefore. Prom each of these 
equals take the angle common to both, AEG, and the re- 
mainders, AED, CEB, are equal. In the same way it 
may be proved that AEG and B B D are equal. 

The following very simple proof of this proposition has 
been suggested. As an angle is in reality only an opening 
between two straight lines occasioned or formed by the turn- 
ing, to a greater or less extent, of one straight line round 
upon a fixed point in another straight line, if A B is made to 
revolve round the point E till the point A reaches and can 
be superimposed on C, then B will also have revolved till it 
can be superimposed on D, and therefore the angle ABC 
is equal to the angle B E D. Similarly the angle AED 
equals B E C — that is, let the two straight lines which cut 
each other be regarded as fixed in space, and let one of them 
be imaginarily revolved round E as a centre, the precise 
amount of revolution required to bring the revolving line 
into exact superposition with the fixed one ; and this would 
be equally true of each angle if revolved on the angular point 
as on a pivot. Q.E.D. 

From this we derive the following corollaries, viz. — (1) If 
two straight lines intersect, i,e, cut each other, the angles 
which they make at the point of intersection are together 
equal to four right angles; (2) all the angles made by any 
number of lines meeting in one point are together equal to 
four right angles. Hence also, (3) When one of the four 
angles formed by two intersecting straight lines is a right 
angle, the three other angles are also right angles. (4) If, 
when a straight line is perpendicular to another straight line, 
the former line is produced, it will also be perpendicular to 
the latter straight line. (5) If a straight line is perpendicular 
to another straight line, the latter will also be perpendicular 
to the former (see figs, 1 and 2). Euclid does not prove the 
converse of Proposition XV., viz. ‘‘If the vertical angles 
niade by four straight lines meeting in the same point be 
respectively equal to each other, each pair of opposite lines 
shall be in and form one and the same straight fine.” 

The thirty-second proposition of Euclids first book is a 
most interesting and fruitful one. The sixteenth leads us 
somewhat on the way towards it. It might have been de- 
duced as a corollary from Proposition 17, or the seven- 
teenth might have been deduced as a corollary from it. 
Both are really included in Proposition 32, but Euclid 
prefers to make his progress sure if slow. 




Proposition XVI. 

If one side of a triangle be produced, the exterior angle 
{i,e, any angle formed hy one side and another produced) is 
greater than either of the interior opposite angles. 

An almost palpable proof of this proposition may be given 
in this fashion by superposition. Let A B G be the triangle, 
with A B, its side, pro- 
duced. Slide that angle 
along on the produced 
side ABE, till the point 
A is placed on B, and 
the point B on E. It is 
evident that the point C 
must then take a place 
somewhere (say at D) 
within the angle G B E, 
and therefore theangle / 

C B E must be greater ^ — 
than the angle!) BE,* b e 

or than its equal GAB. If the side C B is produced, the same 
reasoning will show that the angle C B E is greater than the 
angle at G. But the Euclidean demonstration proceeds with 
geometric orderliness, thus — Let A B G be a triangle, of which 
the side B’G is produced 
to D. The exterior angle a 

A G D is greater than either 
of the interior opposite an- 
gles C B A, B A G. Accord- 
ing to Proposition 10, bisect 
AG in E, join B E, and 
produce the line by which 
that is done to F, making 
E F equal (I. 3) to B E. 

Then join F C. Because, 
by construction, A E is 
equal to E G and B E to 
EF, we have in the tri- 
angles A E B, G E F, two sides A B, E B, equal to the 
two sides G E, E F, each to each. But (I. 15) the angle 
A E B is equal to the angle G E F, because they are vertical 
angles. Therefore (I. 4) the base A B is equal to the base 
0 F, the triangle A E B to G E F, and the remaining angles 
of the one equal to the remaining angles of the other, each 
to each; namely, those to which the equal sides are opposite. 
Hence the angle B A E is equal to EOF; but the angle 
E G D is greater than the angle EOF (Axiom 9), and there- 
fore the angle A G D is greater than the angle B A E. By a 
similar process of reasoning, if the side A G is produced to G 
it maybe shown that the external angle BCG is greater 
than G B A; but A C D is equal to B G G (I. 15), and hence 
A G D will also be greater than G B A is, and therefore 
greater than either of the interior remote angles. We indi- 
cate on the figure a solution of the last case, and strongly 
recommend the student to write out in full the demonstration 
of both cases, so that the accuracy of the proposition may be 
firmly impressed on his mind by the force of conviction. It 
may be advantageous here to note that Euclid’s reference to 
Axiom 9 does not logically cover the whole inference upon 
which he insists. The axiom on which he founds requires to 
rim thus: — If two things, A and B, are equal to one another, 
and one of them, A, be greater than a third, C, then the 
other, B, will also be greater than the third, 0. 

Prom this propositionwe gain ascorollaries-- All the exterior 
angles of a triangle are together (1) greater than all the 
interior ones; (2) greater than three right angles; (3) if the 
exterior angle A 0 D is a right angle, the interior opposite 
angle is less than a right angle; and consequently, (4) there 
cannot be two straight lines, A C, A B, drawn from the point A 
perpendicular to the line B C — that is, from a point without 
a straight line only one perpendicular can be drawn to it; 
(6) a triangle cannot have more than one right angle, nor 
more than one obtuse one; (6) in a right-angled triangle 
the two acute angles are complementary ; (7) any exterior 
angle of a triangle is equal to the sum of the two interior 
opposite angles. 
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BOTAFY.— CHAPTER V. 

D'OIilAGE— LEAVES AND THEIE PAETS — STEXTCTUEB OP LEAVES 
—SIMPLE AND COMPOUND — VENATION — PHYLLOTAXIS — 
TABULAE VIEW OP LEAP-CHAEAOTEEISTICS, 

The infinite variety which Nature is able to impart to 
objects having a similarity of purpose and form is scarcely 
in anything more strikingly exhibited than in the leaves of 
plants. They form a large part of the beauty of the world 
in their spring freshness, their summer fulness, and their 
autumnal glory of changing hue. In them grace and diver- 
sity of shade, elegant simplicity, and pleasing symmetry of 
shape, are most gratifyingly combined. Even the eye of an 
ordinary spectator is arrested by the many-shaped leaves 
which attract his attention. He sees in their margins great 
ingenuity and diversity of serrations. Their venation and 
reticulations excite surprise and wonder, and the arrange- 
ments of leaves upon the stem can scarcely fail, when observed, 
to suggest ideas of organization and classification. When they 
stir in the wind, twinkle in the morning sunshine, or seem to 
hang idly in the slurahrousness of a sultry noon, their surfaces 
show curious differences and characteristics, to which even 
custom cannot make us indifferent. Leaf -beauty is admitted 
and admired by all; and there are few minds which do not 
feel the charm of fresh foliage in woodland masses, by 
streamlet banks, or mountain brow, or in meadow-level, when 

“ Moist, bright, and green the landscape laughs around.” 

But botany gives even a finer seeing to the eye, and 
communicates to the meditative mind an intenser joy in 
observing the leaf-forms of the vegetable world. It brings 
into association the external appearances and the internal 
characteristics of plants, and enables us from the outer signs 
to infer the inner quality of nature. The landscape is made 
quick with thought; intellectual delight is added to sensitive 
pleasure; and we learn that leaves are not unfrequently, in 
various ways, interwoven with our welfare. 

The leaf is, by morphologists, regarded theoretically as the 
type on which all the other organs which are found upon 
the stem are formed, and as affording to the mind an ideal 
point from which they may be said to have departed. A 
leaf generally consists of an expanded portion called the blade | 
or limb, and a stalk or petiole, which latter sometimes ex- | 
pands at the base into a sheath or vagina embracing the stem, 
or becomes transformed into leaflets called stipules. Those 
springing from the root are called radical (Lat. vaefu?, root) 
leaves; when they rise from the stem they take the name of 
cauline {caulis, stalk), and when supplied by the branches or 
flowers, they are termed respectively ramal {ramus, a bough) 
and floral (^om, relating to blooms). Leaves almost always 
expand horizontally, presenting one surface to the earth, and 
the other to the sky. This is their regular position, and cor- 
responding with this, we commonly find a very marked differ- 
ence, both in colour and texture, between the upper and 
under surfaces, which is appreciable by the naked eye. By 
aid of the microscope we find that the apparent difference 
originates in the intimate structure of the parts. The upper 
surface is usually composed of a single layer of oblong cells, 
very compactly arranged, with their ends presented to the 
expansion, so as to leave exposed the least possible extent of 
single wails and intercellular spaces. But in plants which 
inhabit dry and sterile regions these superficial cells often 
consist of two and sometimes three layers. This arrange- 
ment is evidently designed to check evaporation and to regu- 
late the expenditure of the fluids. In the lower surface the 
cells are oval or ovate, and very loosely arranged, so as to 
admit of many intercellular spaces. But in leaves which 
admit of both surfaces being exposed equally to the light, 
there is no difference between them. In actual plant- 
life we know that bracts, involucres, and all the parts 
of flowers are really results of the metamorphoses of leaves. 
Different parts of the stem produce different kinds of 
leaves. Scale-leaves, or phyllodes, simple in outline and 
without venation, are developed at the lower part of the 
, stem, and at the base of the shoots; bracts, or floral-leaves — 
the leafy appendages to the flower— belong to the upper 
portion of the stem, have their place close to tie flower, 


are stalkless or sessile, with a narrow base, and generally of 
smaller size than the foliage, from which they also differ in 
colour and texture. Foliage-leaves are developed between the 
scale-leaves and the bracts, are exceedingly varied in form 
and appearance, and usually manifest the possession of large 
quantities of chlorophyll, i,e, leaf-green. The portion of the 
stem or branch from which a leaf springs is a mode, the 
space between two nodes an internode. Leaves take origin 
close to the growing point of the stem, and proceed in acro- 
petal order. Leaves are all crowded together at first, and 
form the buds. From the buds, under proper influences, 
they in due time burst and appear as foliage. 

Leaves which, when they separate from the stern, leave a 
scar as a sign of their connection with and growth on it, are 
called articulated; and those which do not drop or fall off but 
decay gradually on the stem, non-articulated. Grasses and 
ferns are instances of the latter ; almost all trees afford 
examples of the former. Leaves which fall off after having 
performed their specific function in one season, and without 
waiting till new ones are formed, are deciduous; those which 
last beyond the season, and wait till new leaves are formed, 
are persistent, like those of the cherry laurel 

The nervous structure of leaves corresponds with the 
organization of seeds, and is indicative of the great divisions 
of the vegetable kingdom. In the netted races, woody tubes 
(sometimes but not invariably associated with dotted tubes) 
are arranged around a central pith, which radiates in medul- 
lary plates, reproducing itself on the circumference. In 
those which have parallel veins the trunk is formed of woody 
tubes interspersed as guards through spiral and dotted vessels, 
which are reproduced in the centre of the trunk. In acrogens 
or acotyledons the leaves vary with the structure, and aro 
typical of the plan on which that has been formed. 

As regards structure leaves are arranged into two classes— 
(1) aerial, those which grow entirely or partially in the free 
air ; and (2) submerged, those which grow under water. 
Aerial leaves, except those of the simplest sort, like those of 
the mosses, wliich consist merely of cellular tissue, exhibit 
both a cellular and a fibro- vascular system. The soft parts 
of the blade are cellular, the hard parts — the ramifications of 
the venation — are fibro- vascular. An epidermis — i.e. a tlnn 
transparent pellicle — or skin, consisting of tubular or flat- 
tened cells, invests the whole surface, upper and under. This 
is furnished with stomata, orifices or minute openings, vary- 
ing in number, arrangement, and form in different plants, 
but most abundant on the under surface. These stomata 
are the organs of exhalation. They are situated so as to 
open directly into the air-chambers of the intercellular sys- 
tem by which they are surrounded, and through them a cir- 
culation is kept up between the cells of the interior of the 
leaf and the outer air. These are the lungs or the breathing 
apparatus of the plants. They are constructed on the prin- 
ciple of a self-acting valve, and are extremely sensitive to the 
influence of moisture. When there is an excess of water 
in the system they elongate themselves, curving outwardly, 
and thus open a passage for the exhalation of the superfluous 
’water; but when there is a deficiency of water, and they be- 
come dry, they shorten and straighten themselves, so as effec- 
tually to close the passages, and thus prevent exhalation. 
Thus the very moment that there is a want of water in the 
system the door is closed against its useless expenditure. 
These organs are generally too delicate to bear the fierce 
power of the sun, and hence are chiefly found upon the lower 
surface of the leaf, where they are so numerous that 120,000 
have been counted upon a square inch of surface. In leaves 
of which both sides are exposed to the light alike, the stomata 
are equally distributed over the surfaces; in leaves which 
float in water, the stomata are all on the upper surface; and 
in completely submerged leaves they are not found; neither 
are there any found in the roots of plants. What may be called 
the epidermic appendages are of various sorts, such as (1) non- 
secreting organs, e.g. hairs — filiform or threadlike prolonga- 
tions of tissue; scales or scurf, membranous bodies somewhat 
like chaff; and bristles (stiff processes) and prickles; (2) secret- 
ing organs, as glands, little transparent dots of a somewhat 
hairy-like nature, containing the characteristic oils, resins, 
&c., which distinguish plants ; and stings, a sort of knol>- 
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pointed hairy form, enlarged at its base, and containing there 
a pouch in which some irritating secretion is elaborated, which, 
on the plant being touched, passes up the capillary cavity, and 
is projected on or into the touching part. Submerged leaves 
are wholly made up of cellular tissue, have no epidermic 
stomata, have often considerable intercellular spaces and 
frequently large air-cavities, characteristics which not only 
give them a thickened appearance, but also diminish their 
weight, and enable them the more readily to be held in 
suspense in the water. 

Foliage-leaves are, in general, more or less flattened ex- 
pansions of the par€ 7 icliyma — i.e, cellular tissue of the stem. 
The different stem-tissues, epidermal and fibro-vascular, are 
continued into the leaf. Leaves are divided into two similar 
halves by a midrib running along between them from base 
to apex. The angle formed by the junction of the upper 
surface of a leaf with the stem is called the ami; the part of 
the leaf nearest the axis is designated the base; the further 
extremity, the apex; and the lines w'hich run along on the 
outside edge between apex and base, the margin. Sometimes 
on each side of each leaf, as in the rose tribe, those small, 
delicate, leaf-like organs called stipules are found. The 
petiole is usually round (or nearly so). In grasses, however, 
and other similar plants it is rolled round the stem and bears 
the name of a mgma or sheath. At the upper end of the 
sheath of such plants there often occurs a thin membrane 
called a ligula. Though the blade be usually a fiat, ex- 
panded, symmetrically contextured form, yet it may be un- 
symmetrical (as in the begonias), thick, fleshy, and succulent 
(as in stone-crop), or of a brown scaly appearance (as in the 
broomrape). Occasionally stipules form an ochrea, that is, a 
membranous tube surrounding the stem and looking like a 
holder, or containing protection. In various other ways 
leaves may be peculiar — elongated, cylindrical, prism-like, 
tubular, &c. Indeed, the cliaracteristics of leaves, in form, 
texture, colour, smell, surface, quality, are far too numerous 
to be detailed in any brief popular outline, and almost too 
minutely varied to be capable of description in any other than 
a most intricate and peculiar technical language. On this 
account we prefer placing before the eyes of our readers a 
large, carefully selected, and distinctly reproduced series of 
illustrations of leaves, so plainly appealing to the eye that 
only a word or two of discriminating technical terms may 
suffice to identify them and secure their being known by an 
attentive observer of Plate and plant. Commending the 
diligent comparison of letterpress and picture wherever a 
reference is made in the former to the latter, we proceed to 
treat of the leaf as a botanical element — one of the most 
widely-known and easily discriminated of wliat are now called 

the appendicular organs” of plants. 

Leaves are said to be (1) simple and undivided, (2) simple 
but divided, and (3) compound. Nature has utilized every 
possible variety of form in leaf outlines. When the blade of 
the leaf is in one piece the leaf itself is simple ; but a simple 
leaf may either be undivided — i.e. all in one piece, as in the 
elm— or divided into several parts, though each division is at- 
tached by a broad base to the midrib, as in the oak, the turnip, 
or the mountain fern. When the leaf is formed of two or 
more entirely distinct and separate portions, each attached to 
the petiole in the same manner as the petiole is attached to 
the stem, it is termed compoimd; its disparate portions are 
leaflets^ the main axis is the common petiole^ and the leaflet 
sUlks partial petioles. However numerous or minute the 
divisions or subdivisions of a hemlock leaf, for instance, may 
be, the parts are all truly conjoined to, and interwoven with, 
the other portions, and not the smallest of them can be de- 
tached from the others without tearing them; but in com- 
pound leaves, like those of the horse-chestnut, the various 
leaflets are articulated to the petiole, and any one may drop 
off without injury to any other. Simple undivided leaves 
may be— (1) needle-shaped, as in the pine and fir; (2) linear, 
long and narrow, with margins either parallel or tapering to 
a point, like grass; (3) lanceolate (spear-shaped), long and 
narrow, but tapering towards each end; (4) lingulate (tongue- 
shaped), with margins parallel, but ends rounded; (5) oval, 
twice as long as broad, narrowing towards each end; (6) ovate 
“(egg-shapedX oval, but narrowing most towards the apex or 


upper end, and obovate (inversely egg-shaped) when the nar- 
rowing is towards the base; (7) circular or elliptical, more or 
less nearly round; (8) reniform (kidney-shaped), as in Asarum 
Europomm; (9) cordate (heart-shaped), as in the convol- 
vulus; (10) triangular (three-cornered) ; (11) hastate (spear- 
head-shaped) ; (12) oblique, as in the Begonia; (13) sagitate, 
arrowhead- shaped, as in the Sagittana sagiitifolia ; (14) 
spathulate, resembling a spoon. 

Simple but divided leaves cannot be very sharply discrimi- 
nated. There is a difficulty in determining precisely where 
the line may be drawn betw^een them. A divided leaf really 
means one in which the spaces between the veins are imper- 
fectly filled up, so that intervals are found between the parts. 
Simple but divided leaves may be arranged into two classes: 
(1) feather- veined, i.e. those in wdiich the leading vein proceeds 
direct from petiole to apex ; (2) fan- veined, i.e. those in ’which 
the leading veins branch out from the petiole like the divisions 
of a fan. Of the former sort, the most important are — (1) 
pinnatifid, divided in feather fasMon, also pinnatipartite or 
pinnatisected, according to the depth of the cleaving or 
fissure; (2) lyrate (lyre-shaped), ’when the terminal lobe is 
large and rounded, and the lateral lobes become smaller to- 
wards the base; they may be doubly or triply pinnatifid, when 
the segments are themselves also cut or cleft; (3) runcinate, 
when the terminal lobe is large, the segments pointed and 
directed towards the base; (4) pectinate (comb-like), when 
the segments are narrow, close, and parallel, like the teeth of 
a comb. Of the latter sort the more special are (1) fan- 
lobed, ba-ung five or more large clefts directed towards the 
leaf-stalk; (2) fan-lobed and cut, as in the monkshood; (3) 
palmate (like the palm of the hand), when the fissures ex- 
tend to nearly the base of the leaf, as in many passion-flowers; 
ternate, united in three leaves, as in the wood-anemone and 
the strawberry. Other forms are bilobate, two-lobed ; trilobate, 
three-lobed; hastate, halberd-shaped; palmate, five-lobed; 
pedate, resembling a foot. * 

Compound leaves are distinguished by having each of their 
leaflets individually articulated by a ramification of the petiole 
to the common petiole. They are pimiate or feather-formed, 
or palmate ; the former when the leaflets are arranged along 
the sides of a common petiole, the latter when they radiate 
from a common point. When the leaf ends in a pair of 
leaflets, it is said to be abruptly p)Ciri- (or equally) pinnate ; 
’when it ends in an odd leaflet it is impan- (or unequally) 
pmnate; when the leaflets are alternately large and small, it 
is interruptedly pmnate ,* and when their terminal leaflet is 
the largest, and the others decrease in size towards the base, 
they are styled lyrately pinnate.^ as the leaflets of a pinnate 
leaf are named pimim. When the petioles of the leaflets also 
have leaflets along their sides those leaflets are called pin- 
nules, and the whole leaf is designated bipinnate. If the 
pinnules are pinnate, the leaf is tripinnate. Palmate or fan- 
typed leaves are (1) qiiinate ’when five leaflets proceed all 
from the same point; (2) septate when there are seven; and 
(3) digitate when the leaflets are numerous and narro’w, re- 
sembling fingers. 

The next noticeable feature in leaves is their margin. 
They are said to be (1) entire when perfectly unbroken; (2) 
setrate when toothed like a saw, and douhly-serrate \vhen the 
dentations are also toothed; (3) crenate when the indentations 
are rounded; (4) ciliated w'hm set round, like the new-opened 
foliage of the beech, with fine eyelash-like hairs; (b) prichly 
when the angles of the leaflets are expanded into sharp 
points like the holly-leaf; (6) sinuate or waved when the edge 
resembles the concave curves and angular ridges of drawings 
of sea-surfaces. 

The part of the leaf furthesit from the stem is called the apex. 
It may be (1) pointed, when it curves regularly up to a peak. 
When the point is fine it is acute, and when elongated into 
a gradually lessening point, it bears the designation of 
acuminate; (2) obtuse, when .rounded off or blunt; abrupt, 
when the end seems nipt off: and truncated, when it appears 
to be cut off square; (3) macronate, when tipped abruptly 
with a short, sharp, spiky point; (4) retuse, when the blade 
terminates in a broad shallow notch; (5) emarginate, when 
the notch is sharply defined and triangular in form. 

- Venation . — The manner in which the veins are distributed 
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in the leaf is termed venation. This varies in difterent 
plants. In thick or succulent leaves veins cannot he distin- 
guished on account of the mass of cellular tissue in which 
they are embedded. In the lower order of plants, such as 
Hchens and seaweeds, and in submerged leaves, they are absent 
altogether. The shape of the leaf in configuration and 
profile, the characteristics of the margin, the apex, and the 
base, are of course, in a great measure, determined by the 
peculiarities of their veinings. In an ordinary leaf, as^ in 
that of the oak, there is a central continuation of the petiole 
or footstalk, which is larger than the other veins. Tins is 
called the midrib; it then gives off other veins from either 
side, which are called primary, and if these give rise again to 
others they are called secondary, &c., or the midrib is termed 
the mid vein, then the veins, veinlets, and veinulets. Leaves 
of this kind, with one large rib, are called unicostate (Lat. 

one; costa, rib). In leaves such as those of the syca- 
more, in place of one central rib there are two or more diverg- 
ing from the point of the junction of the blade with the 
petiole. These are called multicostate (many-ribbed). In 
all these instances there is a complete network of veins pro- 
duced, hence the term reticulated venation has been applied 
(Lat. reticulum, a net). In some instances the veins end in 
curvatures within the margin of the leaf; when they take 
this form, for the sake of distinction they have been termed 
feather-veined. In plants of a certain kind, of which grass 
may be taken as an example, there is a midrib and vein 
running parallel to it from the base to the apex of the leaf, 
or in some other less familiar instances there exists a central 
midrib, with veins running from it to the margin of the leaf 
in a straight, or nearly straight, direction, as in the plantain 
or banana of the tropics. In both cases there are generally 
small veinlets uniting the veins together, but they do not 
form a regular network, and are insufficient to prevent the 
leaves from being torn down in strips between every pair of 
veins. These are instances of parallel-veined leaves. In the 
leaves of ferns a third kind of venation is distinguishable, in 
which the vein divides in a forked manner. TMs is termed 
furcate (Lat. furca, a fork). As a general rule, exogenous 
plants are possessed of leaves with a reticulated or netted vena- 
tion, endogenous plants of leaves with a parallel venation, and 
acrogens of furcate- veined leaves. When the blade of a leaf 
is held up between the eye and the light, we see it traversed by 
fibre- vascular bundles varying much in number and direction. 
Sometimes they are imbedded in the substance of the leaf, 
sometimes they form a beautiful reticulation (or network) on 
the under side, and mark with beautiful lines the smooth and 
glowing sheen of the upper surface. What is technically 
called “skeletonizing leaves” by macerating them so as to 
induce the decay of the cellular substance and to retain only 
the delicately- veined fibres for mounting under a glass shade, 
has become fashionable of late, and hence people have got 
hold of a good idea of the venation of leaves. Venation is 
of great importance as regards the outKne of the leaf; but as 
the venation of leaves nearly invariably corresponds with the 
structure of the stem and the nature of the flower, it is for 
the most part quite different in monocotyledons and dicoty- I 
ledons, and supplies one of the three great leading character- 
istics by which botanists determine the primary divisions of 
the vegetable realm. 

In venation, leaves are reticulated or net-veined, in which 
the veins and veinlets interlace and variegate the surface 
in every direction. In some of these, which are of the 
vertebrate^ type, a large, thick trank vein, the midrib, pro- 
ceeds straight from the petiole to the apex, and divides the 
blade into two equal parts. From this the lateral veins pass 
off in parallel lines (as in the chestnut) to the margin. This 
is pinnate venation. If the veins go from the midrib in a 
wavy, wandering course, the venation is called wandering or 
deliquescent. In others, the midrib has two or more large 
fibres nearly equal in bulk and strength to itseM, side by side 
with it. The venation of these is called ribbed — of which the 
ribwort and the cinnamon afford examples. In yet a third 
variety, the venation is (l)fan-like and palmate, the main fibres 
being straight and widely-divergent; (2) curvilinear or con- 
verging, in which, as a general rule, slender fibres proceed 
from the base, ran side by side, without interlacing, and con- 


verge gradually, as in the lily of the valley, towards the apex. 
When the lines are truly convergent, the veinlets do not 
reticulate, but cross over from one to another nearly at right 
angles to the main branchings, like the Madagascar Ouvir- 
andra or lattice-leaf plant. In many tropical plants*— as in 
ginger, arrow-root, and banana— the side-veins pass off from 
the midrib on either hand and curve gracefully into the 
margin — three-forked — in which the veins take the appear- 
ance of an oft-repeated letter Y — as in the old-fashioned 
Salisburia. The first species of venation belongs in the main 
to dicotyledons, the second to monocotyledons, and the third 
to acotyledons, and hence form an outwardly manifest geneial 
means of classification. 

We had better now notice, in a few words, the leaf-base, 
that is, the part of the blade nearest the stem. Some leaves 
embrace and sheathe the stem, and are hence named amplexi- 
caul, of which parsley supplies an instance; others are per- 
foliate, i,e. by the union of their margins so inclose the stem 
that it appears to pass through them, as those of the common 
hare’s-ear do; another sort still, growing together on opposite 
sides of the stem, unite by their bases (as the common yellow- 
wort and some honeysuckles do), are designated connate; 
if, again, the base of the leaf is so prolonged as to form an 
appendage to the stem, as is the case in thistles, the technical 
name for it is decurrent. 

Phyllotaxis, or leaf -arrangement, is a most important de- 
partment of botany — a study which, above most others, cul- 
tures observativeness and trains to precise definition. The 
way in which leaves are disposed upon the stem often enables a 
skilled botanist to determine to which family a plant belongs. 
If leaves do not grow upon the same level of the stem, but are 
set singly on, one a little above or below the other, as in a 
branch of beech or wlntethorn, they are denominated alter- 
nate; but if they grow in pairs, as in a spray of lilac, exactly 
on the same level and facing each other, they are said to be 
opposite. If more than two leaves, as is the case in goose- 
grass, are antiposed to each other — i.e, set in a star-like 
fashion — they are verticillate or whorled. Whorls may con- 
sist of three or four leaves, and may possess as many as nine, 
as in the mare’s-tail. In the common yellow loose-strife and 
the purple lythrum all these conditions of leaf are found. 

The doctrine of phyllotaxy is, that leaves are normally 
alternate, that on account of failure in the development of 
half of their internodes — i.e* the length of stem between leaf 
and leaf — they become opposite, and by the non-development 
of several internodes they become verticillate. Myrtles some- 
times show this interchange from alternate to opposite, and 
fuchsias frequently exliibit the change from opposite to verti- 
cillate. The ordinary normal leaf-whorl or spiral runs as 
a rule thus — 1, 2, 3, 5, 8, 13, &c. Exceptional systems of 
vertieillation ran thus — 1, 3, 4, *7, 11, &c., or 1, 4, 5, 9, 14. 
Morphologists explain any variations from the theoretical 
types by the increase, decrease, or adhesion of the normal 
leaf-organs, i,e. parts. It is to be understood, however, that 
though the arrangement of the leaves differs in different kinds 
of plants, it remains regular in the normal plants of each 
different sort. After reacMng their full development leaves 
retain their form and size untS they wither, fall, and die. 

A few plants are leafless, such as the cactus tribe (except 
pereskia), and many of the parasitic plants, e.g. the common 
dodder. Some parasites, like the toothwort, have only scale- 
leaves, which are white and succulent In leafless plants 
the functions of nutrition and respiration are performed by 
the green juicy rind of the stalk, or, in the ease of the acro- 
gens, by the outspread surface of the tliallus. In these more 
or less modified stems an extensive green epidermal surface 
is produced, to afford compensation or provide substitute 
agency for weak leaf-development The phylloid leaf-like 
shoots of asparagus and the green thorny spines of the furze 
act as compensatory substitutes in leaf -function. Other 
special modifications of leaves occur. The whole or part of 
the leaf of leguminous plants becomes a tendril. Leaf-spines 
appear in the barberry. In the pitcher-plants, Nepenthp 
and Sarracenia, the leaf is modified into a digestive organ— -in 
the former for the absorption of animal matter, and in the 
latter for the appropriation as food of putrescent matter. In 
I the Australian acacia flattened petioles {phyllodes) are often 
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founCT taMng the place of compound leaves. Phyllodes may 
be, in most instances, distinguished from true leaf-laminae 

(1) by their surfaces being on both sides precisely alike, and 

(2) by their margins instead of their surfaces being held 
skyward. 

The following tabular view of the various characteristics of 
leaves will not only supply a complete vidimus of this chapter, 
but will also enable the student to compare it with Plates 
y. and VI., which give various typical forms of simple and 
compound leaves: — 

SUMMAEY OF THE CHARACTERISTICS OF FOLIAGE. 

LEAVES. 

A, Duration — (1) Deciduous; (2) persistent. 

B. Leaf -arrangement — (1) Alternate; (2) opposite; (3) ver- 

ticillate; (4) scattered. 

0. Tissue — (1) Vascular, giving venation ; and (2) cellular, 

giving substance. 

D. Parts — (1) Petiole; (2) blade; (3) veins. 

E. Function—iX) Elaboration or nutrition; (2) respiration or 

aeration. 

“P, Surface — (1) Epidermis: (a) smooth, (5) glabrous; (2) 
stomata or transpiratory pores; (3) chlorophyll granules. 

G. Form — (1) Simple and undivided; (2) simple but divided; 

(3) compound. 

Simple and Undivided Leaves, 

(1) Needle-shaped; (2) linear; (3) lanceolate; (4) Ungulate; 
(5) oval, ovate, or obovate; (6) circular; (7) reniform; (8) 
cordate; (9) triangular; (10) hastate; (11) obUque; (12) 
peltate (shield-shaped). 

Simple hut Divided, 

I. Feather-lobed or (1) pinnatifid; (2) pinnati-partite; (3) 
pinnati-sect; (4) pinnati-lobate. They may also be 
lyrate, runcinate, pectinate, &c. 

II. Fan-lobed or (1) palmifid; (2) palmi-partite; (3) palmi- 
sect; (4) palmi-lobate. They may also be ternate, bi- 
ternate, palmate, pedate, <Si;c. 

Compound Leaves, 

I. Pinnate: (1) binate; (2) trifoliate; (3) pari-pinnate; (4) 
impari-pinnate. 

II. Palmate or radiate: (1) quintate; (2) septate; (3) digi- 
tate. 

H. Insertion — (1) Petiolar; (2) sessile; (3) vaginal; (4) sti- 

pulate; (6) exstipulate. 

STIPULES. 

I. Lateral \(i) free; (2) adnate; (3) adnate-perfoliate; 
11. Axillary / (4) connate. 

III. Anti-foUar. 

1. Ecotemal outline — (1) Emargination; (2) base; (3) apex. 

I. Margins are (1) entire; (2) serrate; (3) prickly; (4) 
lobed; (5) pinnatifid; (6) multifid; (7) ciliated; (8)crenate. 

II. Bases are (1) amplexicaul; (2) perfoliate; (3) connate; 

(4) dilate, and are either (us) entire, or (5) spUt; (5) im- 
bricate; (6) decurrent, 

III. The apex is (1) acute: (us) pointed, (5) acuminate; 

(2) obtuse: (us) abrupt, (5) truncated; (c) mucroxiate 

J. Origin — (1) Radical, springing from the root; (2) cauUne, 

springing from the stem. 

K. Yenatwn — (1) Reticulated (exogenous); (2) curvilinear 
(endogenous); (3) forked (acrogenous): (a) simply, (5) 
compositely. 

For an explanation of the terms used in the above table, 
the student is recommended to tuin to the definition given 
in the preceding chapter, and then to refer to Plates V, and VI. 


THE GERMAN LANGUAGE.— CHAPTER VII. 

THE VERB. 

An exact knowledge of the use of the verb is essential to the 
thorough mastery of a language. In most languages the in- 
flexions of the verb are numerous and difficult. The German 
conjugations are, however, formed on principles so much akin 
to the English method that, in the modern manner of study- 
ing them, they are considerably easier to understand and 
retain in the memory than those of several other living lan- 
guages. The inflexions which constitute the conjugations of 
German verbs occur in the present and imperfect tenses of 
the active voice, the imperative mood, and the participles, 

I present and past. These parts, together with the infinitive, 
form and supply the groundwork of the conjugation of every 
German verb. All the rest of the verb in the active voice, 
and the whole of the passive voice, is formed, as is the case 
in English, by a combination of participles or infinitives with 
conjugated tenses of some of the auxiliary verbs of tense or 
mood. The German verb has the same number of simple 
tenses as the English, and the compound tenses are formed 
on precisely the same principle. There are only two conju- 
gations, the one weak — corresponding to the English regular 
verb, and the other strong — answering to English irregular 
verbs. All those verbs which form their imperfect tenses by 
a change in their root-vowels are called radical verbs, and 
constitute the old or strong conjugation; all verbs which 
form their imperfect by inflexional ternodnations are called 
derivative verbs, and constitute the modern or weak con- 
jugation. 

German verbs do not differ materially in conjugation from 
English ones. There are the same moods and tenses in each; 
the tenses that are simple in English are simple in German; 
and for the formation of the other tenses similar auxiliary 
verbs are employed in both languages. 

The principal parts of a verb in the active voice are — (1) 
the Infinitive Mood; (2) the Present Tense; (3) the Imper- 
fect; and (4) the Past Participle. 

If the verb be regularly formed, the derivation of these 
parts, one from another, is very simple. The infinitive mood 
always ends in en, as liebeur to love. From this the first 
person of the present tense is formed by dropping n 5 as 
Ikbtf I love; from this present the imperfect is formed by 
adding te; as ticb(e)tc/ the e being omitted if the word can 
be pronounced without it; and from this imperfect the par- 
ticiple is formed, by (1) di’opping the final e, and (2) by putting 
the augment ge before it; as geltebt From these four parts 
all the other tenses and moods are formed. 

The tenses are as follows: — 

1. Present, denoting an action or existence going on at 
the time in which one speaks. 

2. P(zst — (1) Imperfect, denoting an action or existence 
which, although past, was part of a continual, repeated, or 
habitual line of action. 

(2) Perfect, denoting an action or existence definitely past 
and completed, without relation to any individual period of 
time. 

(3) Pluperfect, denoting a, past action or existence, as re- 
lated to another past action which it preceded or followed. 

3. Future — (1) Absolute, denoting an action or existence 
in a period to come. 

(2) Relative, denoting an action or existence which will be 
past before a future period which is still to come. 

Each tense has two numbers— the singular and the plural. 
Each of these numbers has three persons, which are denoted 
by the pronouns id)/ 1, bU/ thou, er/ he (fie/ she, or eg/ it) ; mir/ 
we, i^r/ you, fie/ they. 

Verbs which admit of the use before them of the above 
personal pronouns are called verbs; those which are 

only joined with the impersonal pronouns eS/ it, or man, one, 
are called impersonal; as regnet it rains; man fagt/ it is 
said; man ftnbct/ one finds. 

Tenses are either simple or compound. The simple tenses 
are formed by changing the terminations alone, while the 
compound ones are formed by means of verbs, which for that 
reason are called auxiliary. The auxiliary verbs are divided 
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into two sets. The first consists of three verbs, which are 
called the auxiHary verbs; they can be used alone as well as 
in combination with other verbs, and are fciu/ to be, ^aberi/ to 
have, and merbetif to become. In German they are used in 
very much the same way as they are in English. 

The second set of auxiliaries are called the auodliary verbs 
of mood^ because they are never used alone, and are only 
employed to modify the meaning of other verbs, by express- 


ing the willingness, possibility, necessity, or lawfulness cf the 
thing or person spoken about. 

In the three following verbs the student should first 
thoroughly master and learn by heart the present, imper- 
fect, and future tenses of the Indicative, the present Con- 
ditional, and the Imperative, Infinitive, and Participles of 
each verb, and when he turns to the remaining tenses he will 
find them give him little trouble: — 


AXXXIIiIABY VERBS. 


To Be. 


^aben/ To Have. 
Indicative Mood. 


SSSerben, To Beoom s 


PRESENT TENSE. 


a 1. Sd) bin, 

2. bu bift/ 

3. er (fie, eg) ijt/ 
P, 1 . mtr ftnb, 

% it)r feib; 

3. fie finb/ 

S. 1. 3 d) mar, 

2. bu marjl, 

3 . er mar, 

P. 1. mir maren, 

2. il()r maret, 

3. fie maren, 

a 1. 3d) bin 

2. bu biji 

3 . er i|l 

P. 1. mir fittb 

2, i^r fcib 

3 . fie fiub 

S. 1. 3 d) mar 

2. bu marfi: 

3 . er mar 

P. 1. mxr maren 

2. i|r maret 

3. fie maren 

S. 1. 3 ci^ merbc 

2. bu mtrjl 

3 . er mirb 

P. 1. mtr merben 

2. ii}r merbet 

3 . fie merben 


I am. 
thou art. 
he (she, it) is. 
we are. 
you are. 
they are. 

I was. 
thou wast. 
he was. 
we were, 
you were, 
they were. 


3d) ^abc, 
bu ^)aft, 
er (fie, eg) ^at, 
mir i^aben, 
i^r ^abet, 
fie f)abcn, 


I have, 
thou hast, 
he (she, it) has. 
we have, 
you have, 
they have. 


IMPERFECT TENSE. 


3d) ^attc, 
bu 

er f)atte/ 
mir f)atten, 
tf)r l)attct, 
i fie fatten. 


I bad. 
thou hadst. 
he had. 
we had. 
you had. 
they liad. 


PEEFEOT TENSE. 


PIiTTPERFEOT TENSE. 


FUTURE TENSE. 


Sd) merbe, 
bu wirfi, 
er (fie, eg) mirb, 
mir merben, 
i^r merbet, 
fie merben, 


i become, 
thou becoraest, 
he becomes, 
we become, 
you become, 
they become. 


3 d) murbe or marb, I became, 

bu murbeft or marbft, thou becamest. 
er murbe or marb, he became, 

mir murben, we became, 

i^r murbet, you became, 

fic murben, they became. 


I have been. 

3 d) babe 

I liave had. 

3 d) bin 

\ 

c» thou hast been. 

bu ^)aj! 

^ thou hast had. 

bu biji 


^ i he has been. 

er ^at 

he has had. 

er if! 


"•S’ we have been. 

mir ^aben i 

" % we have had. 

mir finb 


^ you have been. 

i^r ^abet 1 

you have had. i 

i^r feib 


they have been. 

1 fic i()aben J 

they have had. 

fie finb/ 



I had been. 

3d) t)attc ^ 

I had had. 

3 cb ^'oox '' 

cft thou hadst been. 

bu t)attejl 

^ thou hadst had. 

, bu marft, 

^ 1 he had been. 

er :j)atte 

.§s he had had. 

er mar 

we had been. 

I mtr fatten 

" we had had. 

mtr maren 

- you had been. [ 

they had been. 

tl^r ^attet | 

1 fie ^)attcn J 

you had had. 
they had had. 

i^r maret 
fie maren 


' I shall or will be. 

j 3d) merbe 

I shall have. 

3d) merbe ^ 

thou shalt or wilt be. 

bu mirfi 

thou wait have. 

bu mirjl: 

he shall or will be. ' 

er mirb 

_ ^ he wall have. 

cr mirb 

' ? we shall or will be. 

mir merben 

" S we shall have. ! 

mir merben 

you shall or wall be. 

1 i^r merbet 

you tvili have. 

tl^r merbet 

they shall or will be. 

i fie merben 

they will have. 

fie merben 


I am become. 

^ thou art become. 

§ he is become, 
o" we are become. 

» you are become, 
they are become. 

I was become. 

«g thou wast become. 
§ he was become. 

^ we were become. 

» you were become, 
they were become. 

I shall become. 

... thou wilt become. 

he will become, 
g we shall become. 

" you will become, 
they will become. 


FUTURE PERFECT TENSE. 


S. 1. 3 d) merbe ^ 

(Si, I shall have been. 

i 3'i merbe ^ 

1 

I shall have had. i 

3d) merbe ^ 

I shall have 

2. bu mirft 

§ thou wilt have been. 

bu mtrfl 

thou wilt have had. 

bu mirjl 

« thou wilt have 

3 . er mirb 

he will have been. 

er mirb . 

Cr^ 

he will have had. 

' er mirb * 

_ ^ he wall have 

P, 1. mir merben 

we shall have been. 

mtr merben . 


we shall have had. 

mtr merben 

’ S we shall have 

2. i^r merbet | 

you will have been. 

merbet | 

cr- 

<6 

you will have had. 

il^r merbet i 

you will have 

3 . fie merben j 

" they will have been. 

fie merben j 

. ? 

they will have had. 

! fie merben ^ 

^ they will have ^ 


S. 1. 3 d) mfirbe 

2. bu mfirbeft 

3, er mfirbe 
P, 1 .' mir murben 

2. U}r murbet 

3 . fie mfirben 

S. 1. mfirbe 
2. bu mfirbeffc 
, 3 . cr mfirbe 
' P. 1, mir mfirben 

2, i^r miirbet 

3 . fie murben 


Conditional Mood. 

PRESENT TENSE. 


I should be. i 

3d) mfirbe • ^ 

I should have. j 

3d) bfirbe ^ 

thou wouldst be. ! 

bu mfirbeji 

^ thou wouldst have, j 

bu murbeft 

■5; he would be. 

er mfirbe 

^ ^ he would have. 

cr murbe 

" ■§ we should be. 

mir mfirben 1 

" ^ we should have. 

mtr murben 

you would be. 

i^r murbet | 

you would have. ■ , 

;ii)r mfirbet 

^ they would be. 

fiemfirben j 

they would have. 

fie murben 


PERFECT TENSE. 


' I should have 

1 

Sd) mflrbc, 

» I should have ■ 

1 

3 d) mfirbe 

Pi !» ; I should 

§ thou wouldst have 

1 

tbumurbcji: 

thou w’ldst have 

1 

■ bu murbejt 

§ thou w^ouldst > 

he would have 

0- 

s 

er mfirbe 

^ ^ lie would have 


cr murbe 

he would ^ 

we should have 

P 

j 

mirmtocn 

we should' have 

■ ■ 

P 

mir murben 

j S we should 

you would have 
^ ^ they .would have 

if)r .mfirbet 
fte.miirbcn ... j 

^ you would have 
^ they would liave 

J. 

t:^r murbet 

1 fie murben- 

1 3 *. would 

j ;they would . ' ' 


I should become, 
thou wo^dst become, 
he would become, 
we should become, 
you would become., 
they would become. 




'Si 



THE GEEMAH LANGUAGE. 


Sm^junctive Mood. 


PBESENT TENSE. 


S. 1. fei or fete/ 

2. bu feiejt, 

3. cr (fie, e^) fei, 
P. 1. wir feien, 

2. i|)r feiet, 

3. fie feien. 


S. 1. wdre, 

2. bu iudre|l, 

3. tt sudrc, 

P. 1. miv m&ren, 

2. i|)r iudret, 

3. fiewdren, 

a 1. 3(!) fei 

2. bu feiefi 

3. it fei 

P. 1. tuir feien 

2. feiet 

3. fie feien 

S. 1. Sd) wdre 

2. bu wdreji 

3. er tudre 
P. i. tuir judren 

2. ii^)r iudret 

3, fie wdren 

S. 1. tuerbe 

2. bu iueitcj! 

3. it luecbe 
P. 1. mir iuerben 

2. i!)r tuerbet 

3. fie merben 

a 1. Sd) mthi 

2. bu iuerbefi 

3. er tuerbe 

P. 1. mir tuerben 

2. % merbet 

3. fie tuerben 


S. 2. @e{ bu, 

3. fei er, 

P. 1. feien mr, 

2. feib ii)r, 

3. fei(e)n fie, 


I may be. 
thou mayst be. 
he (she, it) may be. 
we may be. 
you may be. 
they may be. 

I might be, 1 were, 
thou mightst be. 
he might be. 
we might be. 
you might be. 
they might be. 

I may have been, 
thou mayst have been, 
he may have been. 

• we may have been. 

' you may have been, 
they may have been. 


I might have ') 
:» thou mightst have ' 

, g he might have ^ 
we might have p 
^ you might have • 
they might have J 


I shall or will be. 
thou shalt or wilt be. 
he shall or will be. 
we shall or will be, 
you shall or will be. 
they shall or will be. 

^ I shall have been. 

§ thou wilt have been. 
^ he will have been. 

’ ^ we shall have been. 
~S. you will have been. 

^ they will have been. 


be thou, 
let him be. 
let us be. 
be ye. 

let them be. 


Sd) i)abe, 
bu ^abejl, 
er (fie, e6) i)abe, 
ttjir ^aben, 
i|)r ^abet, 
fie ^aben, 


I may have, 
thou mayst have. 
he(she, it) may have, 
we may have, 
you may have, 
they may have. 


IMPEEFEOT TENSE. 


^dtte, 
bu ^)dtteji, 
er ^dttc, 
mir bdtten, 
i^r ^dttet, 
fie i}dtten, 


I might have, 
thou mightst have, 
he might have, 
we might have, 
you might have, 
they might have. 


3d) merbe, 
bu merbejt, 
er (fie, eg) merbe, 
n>ir merben, 
t]j)r merbet, 
fie merben, 

3d) mdrbe, 
bu mdrbejl, 
er mdrbe, 
mir murben, 
ii)r mdrbct, 
fie mdrben, 


PEEFEOT TENSE. 


3d) ^)abe ^ 

I may have ^ 

Sd) fei 1 

I may have 

bu ]()abcjl 

^ thou mayst have | 

bu fetfl 

» thou mayst have 

er '^abi 

he may have g* 

er fei 

^ § he may have 

mt ^aben 

” ^ we may have 

mir feien 

we may have 

tl)r bubet 

^ you may have | 

ibr feib 

» you may have 

fie baben 

they may have J 

fie feien 

they may have ^ 


PLUPEEFEOT TENSE. 


3d) b&tte 1 

I might ^ 1 

bu b&ttejl 

^ thou mightst 


er bdtte 

he might 


tuir batten 

^ might 


ibr b&ttet 

^ you might 


fie b&tten 

they might ^ 



FTJTTTEE TENSE. 

Sd) trerbe \ I sliall have, 

bu trerbejl | ^ thou wilt have, 

er merbe I he will have, 

mir iuerben f » we shall have. 

i|)r merbet | " you will have, 

fie merben J they will have. 

ftjthee peefeot tense. 

3d) merbe 'I I shall have had. 

bu merbej! '§" thou wilt have had. 
er merbe I he will have had. 

mir merben we shall have had. 

i^r merbet ^ you will have had. 
fie merben ^ they will have had. 

Imperative Mood. 

^abe bu, have thou. 

]£)abe er, let him have, 

l^aben mir, let us have, 

l^abet i^_r, have you. 

l^aben fie, let them have. 

Infinitive Mood. 


3d) mdre 
bu mdreji 
er mdre 
mir mdren 
i^r mdret 
fie mdren 

Sd) merbe 
bu merbeli 
er merbe 
mir merben 
i!^r merbet 
fie merben 

3d) merbe 
bu merbefi 
er merbe 
ttjir merben 
i:^r merbet 
fie merben 


§Serbe bu, 
iuerbe er, 
njerben mir, 
tt)erbet ii^r, 
UDerben fie, 


I may become, 
thou mayst become, 
he may become, 
we may become, 
you may become, 
they may become. 


I might 
thou mightst 
he might 
we might 
you might 
they might 


I were become. 

1 'g thou wert become, 
i he were become, 
o" we were become. 

I » you were become, 
they were become. 

I shall become, 
s thou wilt become, 
he will become. 

' we shall become- 
I ^ you will become 
they will become. 


I shall have 
i thou wilt have 
, he will have 
^ » we shall have 
■5; you will have 
I §■ they will have 


become thou, 
let him become, 
let us become, 
become you. 
let them become. 


Pres, 

0ein, 

to be. 

|)aben, 

to have. 

SGSerben, 

to become. 

Perf, 

@en)Cfen fein, 

to have been. 

©ebabt baben, 

to have had. 

©emorben fein. 

to have become. 

Fut. 

@ein merben, 

to be about to be. 

^aben tuerben. 

to be about to have. 

1 aSerben werben. 

to be about to become. 




Participles* 



Pres, 

@etenb, 

\)%mg {seldom med). 1 

^abenb, 

hsmng{seldom used). 

1 fBerbenb, 

becoming, growing. 

Perf. 

(^emefen, 

been. | 

<§Jebabt, 

had. 

I ©emorben (trorben),* become, grown. 


*9Serben, when used as an auxiliary verb, forms the past participle morbenj when used as an intransitive verb, gemorben. 


In the above tenses the words outside of the brackets are to 
be used at the end of each of the lines inclosed in the bracket; 

3<^ bin gemefen, bu bift gemefen, &c. The form given for 
the third person plural is now almost invariably used -or the 
second, and had better be at once adopted. 

EXEBCISB. 

(Translate into German.) 

Yon are. He was. You have been. They had been. They shall 
be. We shall have been. He would be. He would have been. I 
von. I. 


may be. You might be. He may have been. If (hj^nn) thou shadt 
be (subjunctive). Let him be. 

You have. He had. You have had. They have had. They shall 
have. We shall have had. He would have. He would have had. 
I may have. You might have. He may have had. If thou shalt 
have. Let him have. 

You become. He became. You have become. They had become. 
They shall become. We shall have become. He would become. He 
would have become. I may become. You might become. He may 
have become. If thou shalt become. Let him become. 

55^-56 
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Theauxilmryverbsof mood are all irregular; they are not, 'will be explained in nest lesson. The words placed outside 
however, defective, as in English, hut have all their moods and brackets opposite tenses must be added to each person in 
tenses except the imperative, which could be formed, but is that tense, PnuPEBi’EOT Tense, Sd) ^atte seSonnt/ bu battcft 
scarcely ever required. Their meanings are peculiar, and gc!onnh c%c. 


AUXILIARY VERBS OF MOOB. 


^5nnen/ 

, :Be abide (oan). 


Be ajdlowbi). 


^Olbqen/ 

May, to like. 


Be obliged. 


@ollen^ 

Be obliged. 


SBoUeti/ 
Be willing. 


Saffen, 

Bet (PEKMiT). 


Indicative Meod. 
PRESENT TENSE. 


I am able. 

I am allowed. 

I may, I like. 

I am obliged. 

I am obligeA 

I am willing. 

S. 1. 3c^ fanu/ 

Sd) barf, 

3d) mag/ 

Scb muf, 

Scb foil/ 

Scb mitt/ 

2. bu fannfl/ 

bu barfft/ 

bu magft/ 

bu muft/ 

bu folift/ 

bu midft/ 

3. er lanu/ 

er barf/ 

er mag/ 

er muf/ 

er foil/ 

er mill/ 

P. 1. mir fonnen/ 

mir biirfen/ 

mir mogeu/ 

mir miilfen/ 

mir fotleu/ 

mir moUen/ 

2. i^r Ibnntf 

tl;r bilrft/ 

i:br m5gct/ 

ibr miif t/ 

ibr foUt/ 

ibr moUt/ 

3. fie Ibnneu/ 

fie biirfen/ 

fie mogen/ | fie muffeu/ 

IMPERFECT TENSE. 

fie foUen/ 

fie moUen/ 

I was able. 

I was allowed. 

I might, I liked. 

I was obliged. 

1 was obliged. 

I was willing. 

R 1, S^b fonntc/ 

2. bu fonnteji/ 

3d) burfte/ 

3d) mod)te/ 

Scb mufte/ 

Scb foUte/ 

Scb mUUf 

bu burfteft, 

bu modbteft/ 

bu mufteft/ 

bu foUteft/ 

bu mollteft/ 

3. er fonntC/ 

er burfte/ 

er mod)tC/ 
mir moo^ten/ 

er muftc/ 

er foUte/ 

er moUtC/ 

P. 1, mir lonnten/ 

mir burften. 

mir mufteu/ 

mir foUteu/ 

mir moliten/ 

2. i^x fonntet/ 

i^r burftet, 

thr moc^)tet/ 

ibr mu^tet 

ibr foUtet/ 

ibr moUtet/ 

3. fie fonnten/ I 

fte burften/ 

fie moctjtm, ' fte mufteu/ 

PERFECT TENSE. 

fie foUteu/ 

fie woUtm, 1 

I have been able. 

j I have been, «&c. 

j I have liked. 

1 I have been, &c. 

[ I have been, &c. 

1 I have been, &c. i 


I let. 
taffer 
bu Idffeft 
er laft, 
mir laffen, 
i|r lag!/ 
fie laffeu/ 


I did let. 
liep, 
bit [iefeft, 
er lief/ 
mir Itefeit/ 
i^x lief et/ 
fie liefeu; 


a 1. 3d) l)abe 

2. bu l^ajl 

3. er !()at 

P, 1. tuir l)aben 

2. t^r bctbt 

3. fie b<iben 


Sd) babe 
bu baft 
cr bat 
mir baben 
ibr babt 
fie baben 


3cb babe \ 3cb babe ^ 

bu baft bu baft cs^ 

• erbat [i cr bat fi 

, mir baben mir baben [.g, 

ibr babt ^ ibr babt 
fie baben j fie baben ^ 

PLUPEBPEOT TENSE. 
I bad liked. I bad been, &c. 


I bad been able. 
S. 1. 3d) batte ' 

2 . bu batteft 

3. er batte 
P. 1. mir batten 

2. ibr battet 

3. fie batten 


I had been, &c. 

3cb batte ] 
bu batteft 
er batte | 

mir batten ^ 

ibr battet " 

fie batten ^ 


3cb babe 
bu baft 
' er bat 
; mir baben 
j ibr babt . 
fie baben 


3cb babe 
bu baft 
I er bat 
I mir baben 
i ibr babt 
I fie baben 


;c. I have let. 

3cb babe ^ 

§ cr bat 
g mir baben 
ibr babt 
fie baben 


! 3cb batte 
^ I bu batteft 
o" : er batte 
rj, ! mir batten 
j ibr battet 
! fie batten 


; Scb batte 
I bu batteft 
§ i cr batte 
g. ; mir batten 
I ibr battet 
1 fie batten 


c. I had been, &c. 

3cb batte ] 

a bu ^ 

g er batte ( ^ 
g, mir batten f « 
ibr battet 
fie batten ^ 


I had been, &c. 
3cb batte ^ 
bu batteft 
er batte 1 g 
mir batten f « 
ibr battet 
fie batten , 


I had let. 

3cb batte 
bu batteft 
er batte 
mir batten 
ibr battet 
fie batten 


I shall be able. 
S. 1. 3d) merbe ^ 

2. bu mirf 

3. er mirb 

P. 1. mir merben j 

2. ibr merbet j 

3. fic merben J 


I shall be allowed. , 
3d) merbe ^ i 
bu mirft ^ 
cr mtrb I 
mir merben 
ibr merbet 
fie merben 


I shall like. 

3cb merbe 'I 
bu mirft 
er mirb I 
mir merben 
ibr merbet 
fie merben 


FUTURE TENSE. 

1 1 shall be obliged, j I shall be obliged, i 


3cb tuerbe 
bu mirft 
er mirb 
mir merben 
ibr merbet 
fie merben 


i 3cb merbe 
_ bu mirft 
% er mirb 
mir merben 
ibr merbet 
: fie merben 


I shall be, &c. 
SScb merbe 
bu mirft 
er mirb | 1 
mir merben j g 
ibr merbet 
fie merben ^ 


I shall let. 


3cb merbe 
bu mirft 
er mirb 
j mir merben 
j ibr merbet 
I fie merben 


FUTURE PERFECT TENSE. 


I shall have been able, 
S. 1. 3d) merbe ^ 

2. bu mirf: o 

3. er mirb » 

P. 1. mir merben 

2. ibi merbet %' 

3, fie merben P 


I sliall have, &c. 
3d) merbe 'I 
bu mirft g 
er mirb ! -3 
mir merben 
ibr merbet ^ 
fie merben J 3 


I should be able. 

S. 1. 3d) mfirbe ^ 

2. bu murbeji 

3. er murbe I 
P. 1. mir murben j 

. 2. ibi miirbct 
3. fie miirben J 


1 should be, &c. 

3d) mhrbe ^ 

^ bu miirbeft ^ 
§* er mtirbe I g* 
I j mir mfirben j ^ 
" ! ibr murbet 
^ fic miirben 


EC- I shall have, &c. I shall have, &c. I 
3cb merbe ^ » 3cb merbe "1 c» ^ 

g* bu mirft S bu mirft g bi 

•3? er mirb ! er mirb [■gi> ci 
mir merben | mir merben m 
^ ibr merbet ^ ibr merbet ^ il 

P fie merben § fie merben J fi 

Conditional Mood. 

PRESENT TENSE. 

I should like, < I should be, &c, | 1 


cc. I shall have, &c. 

^ 3cb merbe 

g bu mirft -g 

■gi> cr mirb S 

mir merben 'g' 

ibr merbet g 

fie merben ^ 


2 C. I shall have, &c. 

cs:, 3cb merbe *1 » 
■g* bu mirft I 
S er mirb S 
g" mir merben 
g ibr merbet g 
^ fic merben J 


EC. I shall have let. 
c» 3cb merbe 'I ^ 
g bu mirft J 
« er mirb [5 
^ mir merben 
^ ibr merbet c 
•5* fie merben c 


! 3cb miirbe 
I bu miirbeft 
. j er mitrbe 
j mir merben 
I ibr murbet 
i fie merben 


I should have been able. 1 1 should have, &c. 


S. 1. 3d) murbe ' 
^ 2. bu miirbcffc 

3. er mhrbe 


3d) murbe 
bu murbeft 
3 er milrbe 


P. 1. mir miirben mir miirben 


2. ibr murbet 
, 3. fk murben 


g" I ibr miirbet 
^ I fie miirben 


I should like, . I should be, &c. I should be, &c. ! I should be, &c. | I should let. 
3cb murbe ^ 1 3cb miirbe \ 3cb murbe 'I | 3cb mfirbe *1 1 3cb milrbe 

bu murbeft | bu murbeft ^ bu murbeft ; bu murbeft _ 1 bu mjlrbeft _ 

er mdrbe I ^ j er mitrbe I er mtirbe I ^ er milrbe I E : mfirbe 1 

mir mUrbcn j g j mir merben j mir mtoen j S mir murben j § ! mir mftrbcn f S 

ibr murbet ' | ibr murbet xf^x miirbet " ibr murbet " i ibr murbet 

fic murben J i fie merben J fie miirben J fie miirben I fic miirben ^ 

PERFECT TENSE. 

I should have, &c. I should have, &c. I should have, &c. I should have, &c. I should have let. 
3cb milrbe ^ ^ Scb m6rbe ^ ^ 3cb murbe c» 3cb m^rbe ^ 3cb milrbe "I ^ 

bu mfirbeft I bu miirbeft B bu murbeft -g* bu miirbeft g bu murbeft 1 ^ 

cr milrbe er mnxht ^ cr mflrbc I ^ er milrbe S milrbe 1 


! I should be, &C. 

I 3cb mfirbe 
I bu murbeft _ 
er milrbe I % 
mir murben j § 
i%x miirbet 
fie miirben 


I I should let. 
1 3cb milrbe ' 

1 bu miirbeft 
i er mtoe 
mir mftrbcn 
i il^r miirbet 
I fic murben ^ 


3c][) milrbe 
bu mfirbeft 
cr milrbe 
mir miirben 
% miirbet 
, fic murben 


SclJ) m6rbc 
bu miirbeft 
er mtoe 
mir miirben 
i|r miirbet 
fte miirben 


3cl^) milrbe 
bu murbeft 
er milrbe 


3c^ murbe c» Set) m^rbe ^ 3cl^ milrbe 
bu murbeft -g* bu miirbeft g bu murbeft 
cr mfirbe I ^ er milrbe ^ S milrbe 
mir miirben jg" mir murben ( mir mMcn 
xfyx murbet ^ i^r merbet ^ i^r murbet 
fic murben J ^ fie miirben J t fie murben 


I fie murben J 5 * 
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Sutojianctlv© Mood. 
PEESENT TENSE 


I may be able. 
S. 1. 3cl) !5nne, 

2. bu fonncfl/ 

3. er f5nne/ 

P. 1. mt !5nnen/ 

2. Burnt/ 

3. fie tbnnen/ 

I might be able. 

S. 1 Sci) fonnte/ 

2. bu fbnntefl:/ 

3. er fonnte/ 

P. 1. roir fbnnten/ 

2. i^r fbnntet/ 

3. fie fbnnten; 


I may be allowed. 

I may. 

I may be obliged. 

I shall. 

Sd) burfe/ 

3c^ m6ge/ 

mfiffe/ 

Scbfolle, 

bu burfeft/ 

bu mbgeft/ 

bu miiffeft/ 

bu folleft/ 

er bdrfe/ 

er m5se/ 

er mfiffC/ 

er follC/ 

mir bfirfeu/ 

mtr mogeu/ 

mir mfijfen/ 

mir foficu/ 

biirfet/ 

i^r mbget/ 

ibr mfiffet/ ■ 

fie miijten/ 

PERFECT TENSE. 

ibr foUet/ 

fie biirfeit/ 

' fie mSgeu/ 

IMI 

ftc foUcu/ 

I might be, &c. j 

I might. 

I might be, &c. | 

I might be, &c. 

Sd) burfte/ 

m6ct)te/ 

Seb mfifte, 

Seb fofitC/ 

bu bdrftcft/ 

bu mSebtefh 

bu miifteft/ 

bu foUteft/ 

er biirfte/ 

er m6ci)te/ 

er mu^tC/ 

er fottte/ 

mir biirftcn/ 

mir m6ct)ren/ 

mir miifteu/ 

mir foliteu/ 

ii)r burftet/ 
fie burften/ 

i^r mbcijtet/ 

ibr muf tet/ 

ibr foUtet/ 

fie moebteu/ 

fie mitften/ 

fie fofiten/ 


1 may be wilHiig. 

n?otle/ 
bu moUeft/ 
er trolle/ 
wir ipolieii/ 
t^r »oUet/ 
fie troUen/ 

I might be, &o. 

woiXttf 
bu moUteft/ 
er woUte/ 
wir mollten/ 
il^r molltet/ 
fie moUten/ 


■ I may l&i. 

2ct) taffe, 
bu laffcft/ 
er laffe/ 
wit fafers/ 
t^r laffet/ 
fie laffcH/ 

I might let. 
iief e, 
bu lie f eft/ 
er lief e/ 
mir liefeu/ 
i1^x liefet/ 
fie Itefeu/ 


PEEPEOT TENSE. 


1 n:ay have been able. 

1 may have, &c. 

I may have liked. 

I may have, &c. 

I may have, &c. 

I may have, &c. 

I may have lei 

8. 1. 3d) babe ] 


babe 


S'cb babe ' 


3cb babe ^ 


3cb babe " 


3cb babe " 


Seb babe \ 

2. bu babeft 

CO 

bu babeft 

c» 

bu babeft 

CO 

bu babeft 

C£> 

bu babeft 


bu babeft 


hu babeft 

3. er babe 

r« 

L o 

er babe 

n* 

cr 

er babe 

i 

er babe 


er babe 


er babe 


er babe 

P. 1 mx baben 

r 

'S 

mir baben 

""By 

mir baben 

r o 

mir baben 

I ^ 

TStX 

mir baben 


n>ir baben 

o 

wit baben 

2. ibr babet 


ibr babet 


ibr babet 


ibr babet 


! ibr babet 


ibr babet 


ibr babet 

3. fie baben ^ 


fie baben ^ 


fie baben ^ 


fie baben ^ 


1 fie baben ^ 


fie baben 


fie baben 


I might have been able. 
8. 1. Sd) ^dtte 

2. bu i^dttefl 

3. er J)dttc 
P. 1. trir ^dtfen 

2. il^r ^dttet 

3. fie ^)dtren 


I might hav«, &c. 
Sci) l)dtte 
bu ^dtteft 
er ^dttc 
mir ^)dtten 
i^r i)dttet 
fie ^dtten 


PLEPEEPEOT TENSE. 
I might have, &c. [ I might have, &c. 


t)dtte 
bu ^dtteft 
er ^dtte 
mir ^dtten 
i|r ^dttet 
fie ^dtten 


'1 


§dtte 
bu ^dtteft 
er ^dtte 
mir ^dtten 
if)r ^)dttet 
fie ^)dtten 


i-i 


I might have, &c. 

^dtte 
bu i)dtteft 
er ^)dtte 
mir ^dtten 
i^r ^dttet 
fie i)dtrcn 


ETJTURB TENSE. 


If I shall be able. 

If I shtill be, &c. 

If I shall like. 

If I shall be, &c. 

If I shall be, <S 

8. 1. 3d) merbe ^ 


3d) merbe ^ 


Seb n?erbe " 


3cb merbe ' 


Seb u:>erbe " 

2. bu merbefi 

rtfi 

bu merbeft 

or 

bu merbeft 


bu luerbeft 

s 

bu tuerbeft 

3. er tperbe 

o» 

er merbe 


er merbe 

S 

o« 

er merbe 

Cs 

er merbe 

P. 1. mir merben 

h- S5 

mir merben 


mirmerben 

ra 

J3 

mir toerben 


mir merben 

2. ibr merbet 


ibr roerbet 


ibr merbet 


ibr merbet 


ibr merbet 

3. fie merben 


fie tuerben ^ 


fie merben 


fie merben ^ 


fie merben ^ 


I might have, &c. 

^dttc 
bu ^dtteft 
er ]5)dtte 
mir ^dtten 
i^r ^)dttet 
fie i)dtten 

If I shall be, &c. 
Scf) trerbe ^ 
bu iuerbeft I 
er werbe I 1 
mir merben j g 
i^r merbet j 
fie trerben J 


I might have let 
Set) i)dtte 
bu ^dtteft 
er ^ntte 
tuir t)citten 
ii)r f}dttet 
fie ^)dtten 


If I shall let. 
Scf) njcrbe 
bu tuerbeft 
er iuerbe 
mir tt?erbcn 
ibr iuerbet 
fie ttjcrbett 


FUTUEE PERPEOT TENSE. 


If I shall have been able. 

If I shall have, &c. 

If I shall have, &c. 

If I shall have, &c. 

If I shall have, <&c. 

If I shall have, &c. 

If I shall have 

8. 1. 3d) merbe " 

CO 

rs 

3d) merbe " 

CO 

3cb merbe 

CO 

3cb merbe 


3cb merbe ' 


3cb merbe ^ 

CO. 

fa 

Seb merbe " 

2. bu merbejt 

f-«S 

o 

bu merbeft 

c: 

bu merbeft 

3 

o 

bu merbeft 

3 

bu merbeft 

"o’ 

bu merbeft 

s 

o 

bu merbeft 

3. er merbe 

» 

er merbe 


er merbe 


er merbe 

■cch 

er merbe 


er merbe 


er merbe 

P, 1. mir merben 


mir merben 


mir merben 


mir merben 


mir merben 

» 

mir merben 

'nST- 

mir merben 

2. ibr merbet 


ibr merbet 

o 

<T- 

ibr merbet 

o 

a*- 

I ibr merbet 

O 

o*. 

tbn merbet 

er- 

rs 

ibr merbet 

fa 

ibr merbet 

3. fie merben , 

» 1 

fie merben ^ 


fie merben ^ 

s 

- fie merben 

s 

fie merben 


fie merben J 


fie merben ^ 




ENGLISH GRAMMAR AND COMPOSITION. 

CHAPTER V. 

THE verb: olassipioation, oharaoteeistios, conjugations, 

INFLEXIONS, ETC. 

Experience shows man that some objects in nature possess 
qualities only of a conditioning and others of a causative 
nature — some sufficient to impress, others efficient in pro- 
ducing change. This distinction in experience he is anxious 
to indicate in language. Hence he uses for the signs of such 
qualities as may be characterized as quiescent — adjectives; 
and for those which are active — verbs. Almost the main 
puipose of speech is to announce, describe, and explain the 
action and interaction which constitute events — the changes 
produced in our sensations, feelings, volitions, <&c., by the 
niotion, action, or efiective power of surrounding existences, 
or those producible by us in them. Without a word suggest- 
ive of the extrinsic efficient powers of persons and things, 
speech as we understand it would be all but impossible. On 
this account the word which implies, informs us about, or 
makes statements concerning the condition or operation of 
the powers of natural objects or men, has received the dis- 
tinctive appellation of the verb (Lat. mrhmij a word), as 


being essential to discourse. The verb may therefore be re- 
garded as that special part of speech by which several other ' 
separate words are conjoined into one single complete logical 
expression or compound word, constituting a sentence. Owing 
to its importance in speech, a good deal of ingenuity has been 
employed to increase the definiteness of the signification and 
specialize the expressiveness of the verb. Its development has 
been such that it is now in most languages so employed as to 
co-express the .following — besides otto — different ideas: — 

(1) An attribute or power, existing either in an exercised 
or unexercised condition; as, I think = I am a thinking being 
now exercising that power. 

(2) A connection between that power K..d some person or 
thing in whom (or which) it inheres or manifests itself; as, He 
runs —the power of running exists in and is exercised by him. 

(3) An assertion — either direct or indirect — ^that this func- 
tion is really, in this connected manner, existent or active; 
as, He lives, We are, They love, &c. 

In this sense, then, a verb may be defined as a word which 
makes affirmation or assertion concerning (1) being (existence), 
(2) doing (exercised power), or (3) sufering (having energy 
exerted upon one by another); as (1) I am, exist, become, 
grow, <&c.; (2) I run, speak, advise, &c.; (3) I am advised, 
struck, convinced, &c. 
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Of verbs which denote bein^ some are (1) substantive, indi- 
cating existence; (2) conditional, implying state of being; as, 
I am, stand, sit, ran, &c. Of those which indicate dom^ 
some are (1) transitive, expressive of actions or influences 
which pass over into and affect something else; (2) intransi- 
tive, including verbs referring to feelings, emotions, and actions 
contained within the agent, and not directed to or operating 
upon an object; as (1) I love, strike, teach; (2) I freeze, re- 
joice, dwell, dream, &c. Nothing in the form of the verb 
supplies us with the means of determining between transitive 
and intransitive ones: the use made of the verb, i.e. the spe- 
cial signification given to it in any sentence, alone decides 
that distinction. We may say, “That man speaks too often,” 
in which case the verb is intransitive; or we may state, “Elihu 
Burrit spoke many languages,” in which it is transitive. Simi- 
larly we may say, “The mill-wheel moves” (intrans.), and 
“ Such sights always move me” (trans.); “ Her breast heaves 
with emotion” (intrans.); “He heaves that huge stone easily” 
(trans.) 

Active-transitive verbs are those which make assertions 
regarding actions performed by an agent upon an object 
other than the agent, by which the former influences the 
latter; as send, describe, ko,. 

Active-intransitive verbs are those which relate to actions 
wholly confined within the agent, and consequently not influ- 
encing an object external to the agent; as walh, stand, sit, 
feed, &c. 

The difference between transitive and intransitive verbs is 
not in general indicated by form, but known by function; e.g. 
lay, raise, and set are transitive, lie, rise, and dt are intran- 
sitive. An intransitive verb may be changed into a, transitive 
one by subjoining or prefixing a preposition; as laugh, laugh 
at; come, owrcome; speah, bespeak, speak for, &c. We often, 
however, employ verbs of either nature, just as suits our pur- 
pose; as He walked up and down the street; He walked the 
horse [= caused the horse to walk] up and down the street. 

Passive verbs are such as indicate the enduring of some 
action, either pleasing or painful, by the subject; there are, 
however, strictly speaking, no passive verbs in the Bnglisn 
language; as, I am taught. 

Neuter verbs are such as, being neither active nor passive, 
make aflSirmations regarding attributes or states of being 
without expressing either action or endurance; as dwell, 
dream, rage, come, &c. 

Reflexive verbs are those in which the action passes from 
and returns to, so as to act upon, the agent; as, I dress myself; 
Thou hast undone thyself, &c. 

These are, however, in reality metaphysical rather than 
grammatical distinctions, none of them having any formal 
specializing signs. The entire grammatical power of each 
verb really depends on the meaning with which it is used. 

THE CONJUGATION OE VERBS. 

The arrangement of verbs in classes, according to the mode 
of forming their inflected tenses, is sometimes called Conjuga- 
tion. English verbs are in this sense divided into two classes 
or conjugations. 

(1) The Irregular or Strong, when the root is changed 
with or without a suffix in the past tense and in the perfect 
participle. 

(2) The Regular ox Weak, when the root is unchanged 
and a suffix is added to the past tense and the past participle. 

A regular verb forms its past tense and past participle by 
adding d or ed to the present — e.g. love, loved, loved; turn, 
tnrn^, turned. 

An irregular verb forms its past tense or past participle by 
a change of vowel within itself — rise, rose, risen; dng, 
sang, sung. Some take the suffix n or e7i. 

To conjugate a verb, however, more generally means to 
mention all the variations of mood, tense, number, and per- 
son which it is capable of taking. 

Some verbs have (1) both the regular and the irregulat 
forms, some have (2) two forms for the past tense, and others 

(3) two for the past participle. Such verbs are termed Re- 
dundant — as. Present, light; Past, lit or lighted; Past 
Participle, lit or lighted. 

Some verbs are not complete in their conjugation; they 


want one or more of their principal parts. Such verbs are 
called Defective — e.g. 


Beware 

Foredo 

Forgo 

List 


list 


foredone 

forgone 


Ought — 

Quoth quoth 

Wis wist 

Wit or wot wot 


Impersonal verbs are such as denote the occurrence of a 
fact or action without indicating any person as the subject or 
actor; as, It is warm, it rains, it thundered. 

Voice is the technical term which grammarians employ to 
indicate the different species of verbs, viz. active- transitive, 
active-intransitive, passive, neuter, and reflexive. 

Mood is a particular form of the verb indicating the man- 
ner in which the assertion made by it is modified. 

There are, it is usually said, five moods — viz. Indicative, 
Potential, Subjunctive, Imperative, and Infinitive. 

The indicative simply asserts (or asks a question); as, I 
love, Do I love? 

The potential mood makes assertions implying possibility, 
liberty, power, will, duty, or obligation; as, He may ride, 
I can walk, We shall obey. Or it makes inquiries concerning 
them; as, May I say? Can he walk? Should I obey? 

The subjunctive mood makes conditional' assertions, the 
condition being indicated by a conjunction, either expressed 
or understood; as, If he come I will go, When he yields 
I may consent. 

The subjunctive mood is therefore employed only in sub- 
ordinate sentences. 

The imperative indicates desire, which may either be ex- 
pressed in entreaty, command, exhortation, &c. ; as, Go 1 Come! 

The infinitive is the name of the action denoted by the 
verb unlimited by any mention of person. It is frequently, 
if not always, equivalent to a noun. 

The verb in all its parts is really indicative or assertive. 
The names imperative and infinitive may, however, be re- 
tained as convenient appellations for two particular parts of 
the verb; and potential may be regarded as an appropriate 
name for those parts of the compound verb which indicate or 
assert power and liberty. The subjunctive is now almost 
obsolete. It is manifest that, wherever the form so called is 
used, the peculiarity is occasioned, not so much by the fact 
of its being subjoined to “if” and similar conjunctions, as by 
the character of the idea intended to be expressed when we 
use it. It has, except in the verb to he, no distinct form of 
inflexion. 

Terbs admit of inflexion to express number, person, and 
time. They are also, generally, said to admit of inflexion 
to form the imperfect and perfect participles. 

The imperfect participle is formed by adding ing to the 
verb, and denotes that the verbal action or state is going on; 
loving, walking. 

The perfect participle is, in regular verbs, formed by adding 
d or ed, and denotes that the verbal action or state is finished; 
as loved, walked. In irregular verbs they take different 
forms. This will be fully explained subsequently. 

Strictly speaking, participles are not parts of the verb, as 
they do not imply affirmation, but are in their use merely 
adjectives. 

A participle is, however, a word formed from a verb; and 
.it performs the functions partly of a verb and partly of an 
.adjective. Being formed from verbs the participles denote 
action either done or suffered; but participles often lose their 
verbal character, and become pure adjectives. They are then 
called participial adjectives, and as such they modify nouns. 

Participial adjectives, like others, can be compared, while 
participles cannot. In the sentence, “ I saw a man moving a 
stone,” moving is a participle, and cannot be compared ; in 
“ I never saw a more moving spectacle,” moving is an adjec- 
tive, and is compared. 

The participle in ing is frequently used to perform the 
-ithce of a noun. When used in this manner it is called a 
verbal or participial noun; as. Walking is good for the health. 

Participial nouns retain to some extent verbal power; as, 
Thus, working mischief, on they went. 

Tense denotes the time implied in the verb. There are no 
other real tense-inflexions in English verbs, except those 
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which impiy present or past time. The present tense repre- 
sents an action or state in present time. The past tense 
indicates that the action or state belonged to a time past. 

A great deal of metaphysical subtlety has been expended 
on the explanation of tense. Time is mentally divisible into 
many parts, of which the following threefold analysis is the 
primary, viz.. — 

2. Past. 1. Present. 3. Future. 

^ ^ 

The present implies simultaneity with a constantly chang- 
ing but consciously known now. The past implies anteriority 
to any special point regarded as present. The future implies 
posteriority to any special point regarded as present. 

The English recognize the past as a possession, the present 
as a fact, and as regards the future, in respect to time, they 
seem inclined to agree with the old Scotch song — 

“ The present minute is our ain, 

The neist we never saw.” 


English grammar employs inflexion for the present and the 
past; it uses an auxiliary for the future. The past tense is 
used to indicate (1) a single act: I found this stone; (2) a 
repeated act: They came daily to the sea-side; (3) a habitual 
act: He gave himself up to indolence; (4) a constant con- 
dition: He guarded her with care; (5) the customary employ- 
ment of a person: He composed readily. The present tense 
we use to denote (1) a single act done now: She falls; (2) an 
unchanging fact: The earth revolves; (3) a repeated act: 
Ambition glorifies my aims: (4) a habitual state: We fear 
dishonour, not defeat; (5) a constant condition: The Bass 
stands out amid the waves ; (6) the exercise of some power ; 
She sings, plays, dances, draws, and recites; (7) a vivid mode 
of stating historical incidents: Richard II. descends, Boling- 
broke ascends ; (8) a nearly approaching (future) fact : I am 
glad she comes to-night; (9) a somewhat distant and inde- 
finite future: Till you promise amendment I cannot forgive. 

Besides time, however, tense implies tliat the action referred 
to is finished or unfinished, and hence tenses are often spoken 
of as perfect or imperfect. I write, I am writing, refer to a 
present unfinished action ; I wrote, I was writing, to past 
actions, unfinished at the time spoken of. I have written, 
to a newly-finished, i.e. a perfected action; I had written, to 
an action perfected sometime previously, and therefore more 
than perfect. 

Actions intended by us to be done must be performed 
subsequently to the formation of the intention, and must 
therefore be held to refer to the future (1) near: I am going 
to write; (2) remote: I shall write. A present duty must be 
done in a future time, and may refer therefore to the future: 
I should go, I ought to obey. 

Number denotes whether the assertion is made regarding 
one or more; as, I run, We leave, &c. 

Person refers to the subject of the verb, whether speaking, 
addressed, or spoken about ; as, I move, Thou goest, He 
speaks, They laugh. 

Verbs may be usefully, in our own minds, divided into two 
classes — viz. general and specific. 

General verbs are such as express the necessary categories 
of the intellect regarding assertions—i^. all the common and 
ordinary methods of thinking of objects; they are — 


PKESBNT TENSE. PAST TENSE. 


Am 

, Was 

Can 

Could 

Do 

Bid 

Have 

Had 

Let 


May 

Might 

Must 


.Shall 

Should 

Will 

Would 


SIGNIFICATION. 

Existence or being 
Power or ability 
Emphatic action or assertion 
Possession 

Permission [asked, granted] 

Liberty 

Necessity 

Duty or obligation [futurity] 
Volition or intention [futurity] 


and are commonly denominated auxiliary verbs. Ought, 
need, and dare, when used without personal inflexion, may 
also be considered general verbs. 

All other verbs, as they express assertions of a more special 
and limited nature, may be regarded as specific. 


THE POEMS OF CONJUGATION OF THE GENEBAIr-- - 
AUXILIAEY— VERBS. 

BE. ■ 


Indicative. 


PRESENT TENSE. 
Sing. 

1. I am 


Thou art, 
He is, 


Plur. 

We are. 

You are. 

They are. 

Subjunctive. 


PAST TENSE. 


Sing* 

1. I was, 

2. Thou wast, 

3. He was, 


Plur, 

We were. 
You were. 
They were. 


PRESENT TENSE. 

Sing, Plur, 

1. I be, We be. 

2. Thou be. You be. 

3. He be. They be. 


PAST TENSE. 

Sing, Plur, 

1. I were, We were. 

2. Thou wert, You were. 

3. He were, They were. 


Imperative Mood. 

Sing, 2. Be thou. Plur, 2. Be ye or you. 
Infinitive. 

Present. To be. Pres. Fref, To have been. 

Participles. 

Present. Being. Pres. Pref. Having been. 

Passive Participle, Been. 


Have. 


PRESENT TENSE. 

Sing. Plur. 

1. I have. We have. 

2. Thou hast, You have. 

3. He has (hath), They have. 

Infinitive. To have. 


PAST TENSE. 


Plur. 

1. I had, We had. 

2. Thou hadst. You had. 

3. He had, They had. 

Participles. Having, had. 


Do. 


PRESENT TENSE. 


PAST TENSE. 


Sing. 

Plur. 

Sing. 

Plur. 

1. I do. 

We do. 

1. I did, 

We did. 

2. Thou dost, doest 

You do. 

2. Thou didst. 

Yon did. 

3. He does (doth), 

They do. 

3. He did, 

They did. 


Will. 


PRESENT TENSE. 

1 PAST TENSE. 

Sing, 

Plur. 

Sing. 

Plur. 

1. I will, 

We will. 

1. I would, 

We would. 

2. Thou wilt, 

You will. 

2. Thou wouldst, 

You would. 

3. He will. 

They will. 

3. He would. 

They would. 


Shall. 


1. I shall, 

2. Thou shalt, 

3. He shall, 


PRESENT TENSE. 
ng. PUtr. 

We shall. 
You shall. 
They shall. 


PAST TENSE* 

Sing. Plur. 

1. I should, We should. 

2. Thou shouldst, You should. 

3. He should, They should. 


PRESENT TENSE. 


Sing. 

1. I may, 

2. Thou mayest, 

3. He may, 


Plur. 

We may. 
You may. 
They may. 


PRESENT TENSE. 

Sing. Plur, 

1. I can, We can. 

2. Thou canst, You can. 

3. He can, They can. 


May. 

PAST TENSE. 

Sing, Plur. 

1. I might, We might. 

2. Thou mightst. You might. 

3. He might. They might. 

Can. 

PAST TENSE. 

Sing. Plur, 

1. I could, We could. 

2. Thou couldst, You could. 

3. He could, They could. 


General verbs are most commonly used in combination 
with other verbs, which are so joined with them as to limit 
their signification. Thus, if I say I can,” I afiirm that I 
have power or ability in general, without limiting it to any 
particular kind or application of the power. But if I add the 
specific verb write, and say “ I can write,” I restrict my asser- 
tion to my power of performing the art of writing. 

General verbs, when combined with other verbs, form com- 
pound verbs; e.g, I have loved, I had written, I shall have 
walked, I might have been struck, are compound verbs. 
General verbs have obtained the name of ausdliary verbs 
because they are used principally to form compound verba. 
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The power of forimng compound verbs is of essential import- 
ance, to enable us to express all those additional modifica- 
tions which languages of a more artificial structure express 
by inflexion. 

In consequence of the facility afforded by general verbs for 
forming compound tenses, the English language, though 
limited in tenses formed by inflexion, is rich beyond most 
languages in tenses formed by combination. When thus 
combined with other verbs, general verbs serve the same pur- 
poses as the inflexions of the simple verb in such languages 
as Latin and Greek. 

The verb to he is the only instance in which, in the English 
language, the infinitive is different in form from the present 
tense. It is also the only English verb which has a con- 
ditional form. In the case of all other verbs, the form, when 
it occurs, is purely elliptical Thus, “ If he say so, it is well ” 
is an ellipsis for “ If he sliall say so.” Though he slay me, 
yet will I trust him,” is an ellipsis for “ Though he should 
slay me.” The present > tense, I he, thou heest, &c., is used 
by old writers; and it is still occasionally used (with perhaps 
tlie exception of beest) when doubt or contingency is to be 
expressed. Thus, “ If thou be the Son of God, cast thyself 
down.” Though both Siiakspeare (2 “ Henry VI. ” III. ii. 
296) and Milton (“ Paradise Lost,” I. 84) use heest, it is now 
quite obsolete among writers. 

In ordinary speech or composition the second person singu- 
lar is never used except in (1) addressing the Supreme Being, 
and (2) sometimes in poetry or impassioned prose. You is 
in general the form of the second personal pronoun plural 
now used. Except in poetry or poetic prose we seldom make 
use of ye. The forms hath, doth, loveth, in the third person 
singular, are seldom employed. Has, does, loves are the 
usual forms, except in pulpit oratory, antique style, or poetry. 

All the modifications of tense or mood are made by the 
aid of these general verbs: — 

Am, when joined to the present participle, composes the 
progressive form of the indicative, but when connected with 
the past participle, it constitutes the passive voice. 

Can and may, when joined to the root-form of the verb, 
compose the present and past of what is called the potential 
mood. 

Have, joined to the past participle of any verb, forms the 
perfect and pluperfect indicative. 

Do, added to the root-form of the verb, constitutes the 
emphatic indicative. 

iMust, prefixed to the root-form of any verb, makes the 
present potential. 

Shall and will, when joined in their present tenses to the 
root-form of any verb, constitute the future indicative. Their 
past tenses, similarly conjoined, form the past of the potential. 

The proper use of the auxiliaries shall and vdll is exhi- 
bited in the following formula — 


Futurity dependent Y 

I will, 

Yon shall 

on the > 


He shall 

will of the speaker. J 

We will, 

They shall 

Futurity indepen- Y 

I shaU, 

You will 

dent of the >- 

. — ■ ... 

He will. 

will of the speaker, ) 

We shall, 

They will 


It would be of great advantage were the student to con- 
vince himself of the correctness of the above observations by 
an examination of the classical form of verb inflexion which, 
is subjoined, in order that by a full presentation of the 
whole form of affirmation the use of verbs may become per- 
fectly understood, and that the nature of the construction of 
sentences may be more readily comprehended. 

A PAEADIGM OP THE OLASSIOAL POEM OP OONJUGATIHG 
THE VEEB. 

ACTIVE VOICE. 

Indicative Mood. 

' PEBSEKT TENSE. 

Simple. 

Plur, 

1. ' We grieve. 

2. Yon grieve. 

3. They grieve. 


Sing. 

1. I grieve. 

2. Then grievest. 

8. He grieves (grievethY 


Sing. 

1. I am grieving. 

2. Thou art giieving. 

3. He is grieving. 

Sing. 

1. I do grieve. 

2. Thou dost grieve. 

3. He does grieve. 


Progressive. 

' PlUT. 

1. We are grieving. 

2. You are grieving. 

3. They are grieving. 

Emphatic. 

Plur.' 

1. We do grieve. 

2. You do grieve, 

3. They do grieve. 


Sing. 

1. I grieved. 

2. Thou grievedst. 

3. He grieved. 


FAST O.R IMPERFECT TENSE, 

Simple. 

Plur, 

1. We grieved. 

2. You grieved. 

3. They grieved. 


Smg. 

1. I was grieving. 

2. Thou wast grieving. 

3. He was grieving. 


Si?tg. 

1. I did grieve. 

2. Thou didst grieve. 

3. He did grieve. 


Sing. 

1. I have grieved. 

2. Thou hast grieved. 

3. He has gi*ieved. 


Sing. 

1. I have been grieving. 

2. Thou hast been grieving. 

3. He has been grieving. 


Plur. 

1. We were grieving. 

2. You were grieving. 

3. They were grieving. 

Emphatic. 

Plur. 

1. We did grieve. 

2. You did grieve. 

3. They did grieve.. 

PERFECT TENSE. 


Simple. 

PlllT. 

1. We have grieved. 

2. You have grieved. 

3. They have grieved. 

Progressive. 

Plur, 

1. We have been pieving. 

2. You have been grieving. 

3. They have been grieving. 


Sing. 

1. I had grieved. 

2. Thou hadst grieved. 

3. He had grieved. 


1. I had been griering. 

2. Thou hadst been grieving. 
.3. He had been grieving. 


Sing. 

1. I will or shall grieve. 

2 Thou wilt or shalt grieve. 
8. He will or shall grieve. 


PLUPERFECT TENSE. 

Simple. 

Plur. 

1. We had grieved, 

2. You had grieved. 

3. They had grieved. 

Progressive. 

Plur. 

1. We had been grieving. 

2. You had been grieving. 

3. They had been grieving. 

FUTURE TENSE. 

Plur. 

1. We will or shall giieye. 

2. You w'ill or shall grieve. 

3. They will or shaH grieve. 


FUTURE PERFECT TENSE, 


1. I will or shall have grieved. 

2. Thou wilt or shalt have grieved. 

3. He will or shall have grieved. 


Plur. 

1. We will or shall have grieved, 

2. Y'ou will or shall have grieved. 

3. They will or shall have pieved. 


Potential Mood. 


„ PRESENT .TENSE, 

Sing, 

1 . I may, can, or must era 

2. Thou mayst, canst, or must S* 

3. He may, can, or must 


Plur. 

1. We may, can, or must grieve. 

2. You may, can, or must pieve. 

3. They may, can, or must grieve. 


PAST OR IMPERFECT TENSE. 


Sing. 

1. 1 might, could, would, or should 
grieve. 

2. Thou mightst, couldst, wouldst, 
or shouldst grieve. 

Si; He might, could, would, or 
should grieve. 


Plur. 

1. We might, could, would, or 

should grieve. 

2. You might, could, would, or 

should grieve. 

3. They might, could, would, or 

should pieve. 



momm.. 
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1. I may, caa, or mnst have 

grieved. 

2. I'hou mayst, canst, or most 

have grieved. 

8. He may, can, or mnst, &c. 


FBEFECT TENSE. 

PIUT. 

1. We may, can, or must have 
grieved. 

2. You may, can, or must have 
grieved. 

3. They may, can, or must, &c. 


PLUPERFECT TENSE. 


1, I might, could, would, or shld 

have grieved. 

2, Thou mightst, couldst, w’ldst, 

or shouldst have grieved. 

3, He might, could, would, or 

should have grieved. 


Plur. 


1. We might, could, would, or 

should have grieved. 

2. You might, could, would, or 

should have grieved. 

3. They might, could, would, or 

should have grieved. 


. 8ing, 

2. Grieve thou (simple). 

Be thou grieving (progressive). 
Do thou grieve (emphatic). 


Imperative Mood. 

j , Plur. 

2. Grieve ye (simple). 

Be ye grieved (progressive). 
Do ye grieve (emphatic). 


, Infinitive Mood. 

To grieve (simple). 

To be grieving (progressive). 


Participles. 
Present^ . . Grieving. 
Past^ ... Grieved. 


PASSIVE VOICE., 
Indicative Mood, 
present tense. 


Mng, 

1. I am grieved. 

2. Thou art grieved. 

3. He is grieved. 


Plur, 

1. We are grieved. 

2. You are grieved. 

3. They are grieved. 


PAST OR IMPERFECT TENSE. 


Sing, 

1. I was grieved. 

2. Thou wast giieved. 

3. He was grieved. 


Sing, 

1. I have been giieved. 

2. Thou hast been gi'ieved. 

3. He has been grieved. 


Plur, 

1. We were grieved. 

2. You were grieved. 

3. They were grieved. 

PERFECT TENSE. 

Plur, 

1. We have been grieved. 

2. You have been grieved. 

3. They have been giieved. 


pluperfect tense. 


Plur, 


1. I had been grieved. 

2. Thou hadst been grieved. 

3. He had been grieved. 


1. We had been grieved. 

2. You had been grieved. 

3. They had been grieved. 


FUTURE TENSE. 


Plur, 


1. I shall or will be grieved. 

2. Thou shalt or wilt be grieved. 

3. He shall or will be grieved. 


1. We shall or will be giieved. 

2. You shall or will he grieved. 

3. They shall or will be grieved 


FUTURE PERFECT TENSE. 

Sing. ; Plur, 

1. I shall or will have been ^ | 1, We shall or will have been 

2. Thou shalt or wilt have been § 2. You shall or will have been % 

3. He shall or will have been p 3. They shall or will have been p. 

Potential Mood. 

PRESENT TENSE. 

Sing, 

1 { may, can, or must be 
grieved. 

2, Thou mayst, canst, or must, &c. 

3. He may, can, or must be, &c. 


Plur, 

1. We may, can, or must be 

grieved. 

2. You may, can, or must be, &c. 

3. They may, can, or must be, &c. 


PAST OR IMPERFECT TENSE. 


Smg, 

1. I might, could, would, or sh’ld 
be grieved, 

2., Thou mightst, couldst, w’ldst, 
or shouldst be grieved. 

8. He might, could, would, or 
should be grieved. 


Plur, 

1. We might, could, would, or 

should be grieved. 

2. You might, could, would, or 

should be grieved. 

3. They might, could, would, or 

should be grieved. 


,,, PERFECT' -TENSE.; 

Sing, 

1. I may, can, or must have been 

grieved. 

2. Thou mayst, canst, or must 

have been giieved. 

3. He may, can, or must have 

been grieved. 


, ■ Plur, 

1. We may, can, or must have 

been grieved. 

2. You may, can, or must have 

been grieved. 

3. They may, can, or must have 

been grieved. 


Sing, 

1. I might, could, would, or 

should have been grieved. 

2. Thou mightst, couldst, widst, 

or shidst have been grieved. 

3. He might, could, would, or 

should have been grieved. 


Sing. 

2. Be thou grieved. 

Infinitive Mood. 
Present^ To be grieved. 
Perfect, To have been grieved. 


PLUPERFECT TENSE. 

PUir, 

1. We might, could, would, of 
should have been grieved. 

2. You might, could, would, or 
should have been giieved. 

3. They might, could, would, or 
should have been grieved. 

Imperative :Mood. 

, , Plur, 

I 2. Be ye grieved.. 


Participles. 
Present., Being grieved. 
Perfect., Having been grieved. 


Verbs ending in .s, sh, ch, x, or o form the second person 
singular, present indicative, by adding est^ and the third per- 
son by adding es; as go, goest, goes. 

Yerbs in g change g into i before the augments est, es, etk, 
and ed, hut not before ing; as drg, dries, drging. T with a 
vowel before it is not changed into i; as hug, hugs, huging, 

Yerbs of one syllable, and those of more tlian one accented 
on the final syllalde, ending in a single consonant preceded 
by a single vowel, double the final consonant before the aug- 
ments est, eth, ed, en, and ing, but never before s; as put 
\^uts), puttest, putting; defer, deferred, deferring; fowid, 
forhidden. 

Yerbs in silent e omit the e before the augments eth, es, est, 
ed, and ing; as love, loves, loving. Be, dye, singe, and swinge, 
also shoe, hoe, and ege retain the e before ing, to prevent 
their being orthograpMcally similar to other verbs. 

Yerbs in ie change into g before ing; die, dying. 

Yerbs in c often assume h before ing and ed; as frolic, 
frolicking. 

In do and go the o sound is lengthened by adding es; as 
does, goes. 


aEOLOOT.-^-OHAPTER Y. 

sedimentary and lONEOirS ROOKS—AaENTS 03P OEODOGIOAD 
■ CHANGES— AIR, RAIN, FROST, ICE, ETC. 

Primary and direct inspection supplies us with facts. Ex- 
perience makes us acquainted with change. On our observa- 
tions and experience we reason, and the result is science. So 
far as we can trace back the history of the globe, changes 
iiave been Incessantly going on in it and upon it. Geology 
marks the phenomena of the present and compares them 
with those of the past; reflects on the agencies wMeh are 
productive of change now, and inquires whether those which 
now operate were equally or less or more intensely active in 
the past than in the present. Few inquiries are more im- 
portunately put by the mind than those which geological 
science presses on our attention — namely, by what causes 
have things, as they exist, been made what they are 1 To 
understand this it examines and describes the superficial 
crust of the earth, and soon perceives evidence enough to 
show that the present aspect of the globe is very unlike what 
its primeval features must have been. It next seeks to 
know what are the different natural agencies by winch the 
contour of the land is affected, and endeavours to make some 
estimate of the effects which would result from the slow, sure, 
combined, and long-continued operation of these causes in 
the production of that picturesque variety of scenery which 
elicits so much of our interest. The splintered peaks, the 
rounded mounds, the rough-rent cliffs, the valley-depressions, 
the lacustrine hollows and the sea-basins, with aU their 
intermediate variations, give pretty clear intimations that 
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the phenomena presented to the eye resulted from distinct 
causes, and have originated in many different ages.^ The 
perception of geologic form leads to the investigation of 
geological structure, and phenomenal geology ultimately 
results in historical geology. Scientific geology is at once 
logical and chronological; for any philosophical explanation 
of the causes which originated the land contour of the present, 
must incite to inquiry regarding the condition of, and the 
changes in, the outer crust of the earth in the past. 

Atmospheric agency is a continually operative factor in 
producing geologic change. The causes which govern the 
phenomena of the air are indeed involved in uncertainty; hut 
the power of the atmosphere as an efficient activity is sure. 
It disintegrates and decomposes exposed surfaces. The 
carbonic acid which is constantly evolved from plant and 
animal mingles with, and forms a potent though merely 
fractional portion of, the atmospheric fluid. Air is not only 
a medium through which moisture, heat, and electricity may 
act upon substances, but it exerts both chemical and mechani- 
cal influence upon the materials brought under its operation. 
It superinduces new combinations between its own constituent 
parts and those of earthy, crystalline, and metallic substances, 
and it also brings about the resolution of prior combina- 
tions. Hence its influence chemically may either tend to con- 
solidation or disintegration. Kaolin clay, for example, is a 


hydrous silicate deposit produced by the atmospheric decom- 
position of the soda and potash of the felspar of granite. 
Whinstone or basalt are, in a humid atmosphere, liable to 
disintegration, and in some serpentines the crystallized struc- 
ture is so much deteriorated by aerial action as to be made 
very ready to break in an irregular manner. In rocks held 
together by aggregation rather than crystallization, porosity 
affords great opportunity for hydration, by the absorption of 
moisture from the atmosphere. In such bodies gases are 
condensed with remarkable facility. On this account the 
decomposition of silicates and materials containing the oxides 
of metals is largely influenced, and their molecular aggrega- 
tion considerably affected by air. What is technically called, 
among workers in stone, nitrification, tends greatly to disin- 
tegration of surface, and operates with special effect on ma- 
terials having a limestone base. Stones of gypsum formation 
are well known to decompose rapidly under atmospheric action. 
Those flakes of hydrous oxide which cover almost aU iron 
exposed to air and water show the power of these agencies; 
and the pains taken to prevent rust, dry or damp rot, &c., 
and to increase and secure by chemical silication the resistive 
qualities of building stones, are all evidences of the power of 
the atmospheric fluid as a continual coefficient in the produc 
tion of dust, d^hris^ and surface change. 

The atmosphere is not only a disintegrant in itself, it be- 
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comes much more powerful in that character as a spongy 
retainer of moisture, and as a medium for the operation of 
temperature — the alternations of which, from cold to heat, 
and moe versa, have such an influence in the acceleration of 
decay in animal matter, vegetable tissue, wood, stone, metal, 
&c. We have to take account also of its power of displace- 
ment of surface, both by friction and by the removal of dis- 
integrated material — thus leaving bare to renewed action the 
parts its breezes have just swept. To this add its power of 
aggregating drift as it sweeps or swirls along, its might in 
breakage when storms prevail and tempests rage, its ffisper- 
sive power as vrind, as well as its compressive force. The 
weight of a column of homogeneous atmosphere is nearly 
15 lbs, on each square inch of surface, and on the whole it 
exerts a pressure equal to the one hundred and eighty-eight 
millionth part of the entire mass of the globe. Both as a dis- 
persive and a compressive force, air acts as an agent in 
stratification. It disintegrates, it heaps together those 
loosened matters, and over these accumulated masses it exerts 
pressure on all that is placed under its weight. 

Eain is another great worker of geological change. It 
exerts energy and causative influence both chemically and 
mechanically. A very complex play of causal activity is 
brought into operation upon land surffices by water. It i^ 
not only the most universal but the most potent solvent with* 


which we are acquainted. It diffuses and spreads the oxygen 
and hydrogen of which it is composed everywhere. Not in 
the chemist’s trough alone, but in Nature’s vast laboratory, 
its operations are apparent and important. Some of the 
materials of the earth extract the vapour from the atmo- 
sphere and dissolve themselves in it, and so set on foot a pro- 
cess preparative to stratification by yielding deposits resulting 
from this solubility. Acids, bases, and salts, we know, 
readily combine with water. The power of water as a solvent 
is also greatly influenced by temperature. The chemical 
character of bodies is often completely altered by hydration. 
The water of crystallization frequently rules the form taken 
by a salt. The fact that ■wa.t&r— -pure water — ^is seldom if 
ever to be had, and that even rain water is rarely found free 
from foreign ingredients; that spring water, mineral water, 
river water, and sea water all hold in solution special products 
of an earthy nature, shows that, as a solvent, water is con- 
stantly operating as a medium for the change of particles, 
their removal in place, and their carriage where they may 
either enter into fresh combinations or find opportunity 
for settling as deposits. Both chemically and mechanically 
geology acknowledges water as an efficient cause of change. 

We have all observed the power of rain as an agent in 
the removal of disintegrated dust, as its falling drops wash 
down such particles and carry them along tiH they meet 
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mtii companioa particles mingled with neighbouring drops. 
We know how these are aggregated, how they are deposited 
in thin laminse where the rain filters through the soil or is 
absorbed into the atmosphere, leaving circle and line and 
layer most palpably scribbled over with its water-mark. In 
the rain-furrowed white limestone of Doward Hill, near 
Monmouth, we have a fine example of this rain-power. 
Even the scars of the Derbyshire Peak exemplify it. 
Denudation by mechanical removal, and decomposition by 
chemical affinity, oftentimes unite to mingle the material of 
layers, and most certainly indicate the reality of the power 
of rain. Bain defines itself in drops, organizes itself in 
springs, aggregates into rills, coalesces into rivulets, gathers 
into streams, enlarges into rivers, which flow gently or 
speedily towards the sea. “ Continual dropping weareth 
away a stone.” Springs, as their waters percolate through 
the earth, become charged with sedimentary substances. 
These deposit themselves on their margin or are laid along 
the water courses they follow. Bills, as they roll down the 
valley-slopes, not only carry in solution large quantities of 
matter, but disintegrate the surface and hurry sand grains 
and gravel down with them. Bivulets not only augment in 
volume, but force loose soil and stones fo^ard with their 
currents, pulverizing the one and polishing the other. * 



Streams not only act as irrigants, but as carriers of triturated 
soil, broken roclr, vegetable products, animal remains, &c., 
and as carvers of valley hollows and rocky declivities. Bivers 
are powerful in detritive agents. Their torrent feeders 
rough-hew the lands through which, as tributaries, they 
plough their way to the on-sweeping streams which bear 
along their water-paths whatever they bring, grinding finer 
and rounding more deliberately, the detritus of the upper 
sources. Alluvial deposits and deltas are formed by thin 
dthris thus brought from the watersheds where the rain 
began its operations. So the friction at once of the water 
and of the substances conveyed by it carve the hill-slopes, 
cut out gorges, engrave the hollows, and deepen the lines 
cut on the face alike of rock and level-land. 

Water itself, besides, acquires new powers in new circum- 
stances. Bain congealing into white crystals in the air, 
forms, when the temperature of the atmosphere sinks below 


the freezing point, that delicate snow which floats with 
ffiversity of density through the chilly air. Soft as they 
seem, and feathery as these falling flakes may be, they 
possess and exercise, when aggregated, great power. They 
supply, as they thaw, irrigant water; but they also occasion 
a large amount of detrition. When a snowfall has been 
heavy, and a thaw comes suddenly, it covers the hill-sides 
with runnels and swells the rivers into torrents. These torrents 
carry down the breakage of former storms, and loosen boulders 
preparatory to their being borne down subsequently, when 
other snowfalls have accumulated similar water-forces. Wlien 
snow accumulates on the top of a mountain whose sides 
slope steeply, its weight becomes so great that it cannot 
retain its place on the inclined plane of the declivity, and 
then a snow-slip or avalanche occurs. Snow may drift from 
one acclivity to another, then slip with great volume and 
inflict much damage on the low-lying neighbourhood. After 
regelation it may combine into large and dangerous balls. 
These, packed on the slope, prone to move even by their own 
weight, may have an impetus given to them by the wind, 
and being set in motion rush furiously in their downward 
course, causing destruction and exciting dismay. Or it may 
be that, on lower lands and less steep acclivities, the snow, 
having lingered long, is softened into water at its base, and 
-■ the entire mass moves, liltea great heavy 
tremendous plane, down the mountain-side 
into the ravine hollows. By their weight, 
their accelerated force, their terrible fric- 
tion, these avalanches rasp and grind the 
sloping sides, and go crashing, with all the 
ruin they cause, into the gorges that gape 
below. 

Frost transforms water into ice. Water, 
in thus solidifying, expands nearly one-ninth 
of its own bulk or volume. When water, 
therefore, lodges in cracks, crevices, or 
slightly disparted lines of stratification, and 
freezes, it acquires a mighty wedge -like 
power of cleavage and breakage. It loosens, 
disrupts, and splinters the hardest ma- 
terials, and makes them ready to be swept 
down by the avalanche, to fall by their 
cwn weight, or to be toppled over with de- 
stroying might from their high eminence to 
the level plain. Ice-fracture subdues the 
hardest rock. If once the triclding ooze 
finds admittance into any cranny or open- 
ing where it may rest until the frost-king 
exerts his power, we find that feats sur- 
passing the skilled might of the quarrier 
are performed with an ease as extraordi- 
nary as the results are striking. Frost is 
the great rock-splitter, which sends the huge 
boulder masses adrift, and makes them ready 
for propulsion to far distances. 

Ice formed on lofty mountains above the 
snow-line takes the form of glaciers. These 
huge masses of snowy material, converted 
into ice in its descent from higher to lower 
regions are even yet the puzzle of science. 
We know, however, enough regarding their phenomena to 
understand that glacial action is a very distinct and powerful 
agent in the sculpturing of the contours of the land surface 
of the globe. The sliding motion of such mighty masses of 
glacified snow; the polishing, grooving, and striation which 
their motion produces ; their accumulation of masses of stones 
and other d4hriSj which form lateral, medial, and terminal 
moraines^ or get dropped into eroded rocky beds as 
and giants’ kettles; their transportation of rock-fragments 
and blocks of stone; their widening and deepening of combes, 
corries, glens, lake-hollows, and valleys; and their rounding 
and smoothing down of the rougher features of crags and 
scaurs — are all results of which geology takes account. 

One of the most readily noticeable of erosive powers is the 
sea with its wearing action of wave and tide. The ocean 
exceeds the land in spacial boundary, and it sweeps and eddies 
round every shore with constancy of motion and triturating 
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energy. Though ever busy, yet it does not, perhaps, on the 
whole wield so real and definite a power of denudation as 
the wider atmospheric sea which overarches it. Its force 
and friction are terrible when storms lash it; but even then 
it is not nearly so destructive of land surface as a tempest 
in the aerial regions. The sea-saw of the tidal waves, the 
incessant fretting of the restless billows, the unintermittent 
aggressiveness of its shoreward tending waters, make it 
indeed a strong efficient cause in changing the horizontal 
contour of continents and islands. There comes from it a 
mighty water-pressure, too, which makes the stones it dashes 
against the shore deal heavy blows upon whatever it strikes. 
The unresting sea grinds all that it sweeps along with it from 
low to high water mark, and each separate wave in its 
recurrent assaults acts like a waterfall in^ disintegrating 
power. Marine erosion is steady and obstinate, and the 
cavernous hollows which margin the beach, the fissured rocks 
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into which the sea- waves have worn the battlements of cliffs, 
the ruptured masses into which the rushing waters have 
forced imprisoned air, and so compelled it to obtain escape 
by bursting, all prove that the rocky boundary against wliicli 
the ocean contends often succumbs to its invasions. Those 
fragments which it tears from the rocks it works round and 
wears down, it polishes and grinds, it breaks into shingle or 
pulverizes into mud. Plateaus of deposition surround our 
shores, where all these spoils are laid out with stratified 
regularity. Thus, by the simultaneous assault of the sea 
upon the land, and the marine denudation thus occasioned, 
we get from our every-day experience an idea of the tools of 
nature, the weariless energy with which they are wrought, 
and the results to which their work tends. 

The subaerial and marine waste occasioned by air and 
water, and the phenomena in wiiich their operations result, 
enable us in some measure to understand to what stratifi- 
cation is due. We see composite matter mixed with and 
suspended in water, after a while subsiding. The heavier and 
coarser detritus first sinks. The finer grains, held more com- 
pletely in solution, fall gradually until layer after layer com- 
poses itself in superincumbent order. Hence we may trace 
in the subsided mass the material out of which rock has been 
formed; and the order of succession in which the most prompt 
to find a settlement are found, as compared with that which 
was lighter and therefore longer of being precipitated. iJl 
such layers or strata naturally and necessarily form a hori- 
zontal series. Prom the superficial soil, to be found upper- 
most, to the earlier deposits which lie undermost, we should 
there^re expect to find out, though reassorted, what the 
!3^terials of denudarion were, and might, from the inyesti^- 






tion of these materials, discover the elements of those masses 
which had been subjected to denudation or erosion. 

Geology, endeavouring to assign to natural causes the 
physical phenomena it investigates, decides that strata are 
deposits of matter which had been contained in water; 
that the segment forming them consists of triturated 
matter, in most cases very finely pulverized, or otherwise 
reduced to most minute detritus; that strata were origin- 
ally deposited in a position parallel to the surface of the 
water from which the deposition had been formed; that 
these beds, most probably subsequent to the period of 
their deposition, have been by pressure, contraction, and 
consolidation brought below the original level of their forma- 
tion; that the greater part of these stratified deposits have 
been submerged under the ocean. They must, however, 
have been raised from that submerged state, and either by 
upheaval from below, or by depression of surface constituting 
reservoirs for the sea, have emerged in a 
crumpled, contorted state, and formed a 
vertically outlined land-mass. 

We do not, in actual fact, find the tel- 
luric shell or earth-crust now composed 
of stratified rocks superimposed horizon- 
tally on one another. Much of the 
visible and accessible strata of the earth 
is quite evidently alluvial and formed of 
the debris of land-surfaces no longer 
extant. The solid materials of the earth 
are found folded, twisted, interverted, 
and tilted, showing in section singular 
flexure and disturbance. Amid the 
myriad mutations of contour which have 
taken place, disruption, upheaval, and de- 
pression must have been common. Vol- 
canic eruptions and the phenomena of 
earthquakes make it plain that there are 
subterranean powers in operation which 
may help us to understand how these 
wrinklings and contortions of the earth, 
those tiltings and subsidences, those 
angular ridges and bevelled basins which 
give variety to the framework of con- 
tinental and insular lands, have taken 
place, and the elevations and depressions 
of the earth’s surface have been super- 
induced, by heat and pressure. The 
eruptive and disruptive powers known through experience 
to be operative in this present liistoric era suggest that 
in prehistoric periods catastrophic potencies existed and 
were active. Geologists use the known and familiar to ex- 
plain the unknown, and strive from what is to comprehend 
what has hem. The phenomena of volcanoes convince us of 
the immense transformatory power of heat — heat as a cause 
of expansion; of the conversion of solids into liquids and of 
liquids into gases; of the fusion of differing materials into 
conglomerate forms; heat as a chemical agent and a mode 
of motion; heat as the explanation of igneous, ie. un- 
stratified rocks. We see such rocks intruding into or protrud- 
ing through the laminar, sedimentary, superficially deposited 
strata as boulder-blocks or bosses, dykes, walls, or vertical 
sheets of [once] molten rocks, and as tortuous veins inter- 
calating themselves among materials of different texture and 
composition. We notice the structure and modes of distri- 
bution of modern lava outflows and eruptions, and find the 
similarity such that we infer that the igneous rocks devoid of 
fossils and true stratification have been fused, vitrified, or 
crystallized by the agency of heat. Their lithological struc- 
ture, their chemical constitution, their modes of occurrence, 
combine to lead to the conclusion that they have, under the 
influence of fire, become what they are. These igneous 
rocks, however, are found not only intruded among sedi- 
mentary rocks, but beneath them all; and little doubt cap 
be entertained that within but a short distance from the 
great superficial telluric shell of the sedimentary strata there 
must underlie, like an inner lining, as it were, a crust of 
igneous rock once fluid through heat, but now more or less 
1 solidified, shrunken, crumpled, and contorted by the, cooling 
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and contracting resulting from the long-continued radiation 
of iieat. Knowing from the phenomena of earthquakes that 
upheaval and subsidence are both possibilities of these dis- 
ruptive incidents, we see in them the causes of table-lands 
and mountain-chains, of broad folds and sharp ridges, of 
compressed and bent valley-hollows and lacustrine basins, as 
well as of many of those irruptive and interruptive invasions 
made by the igneous rocks into the strata and systems of strata 
of which the earth’s surface consists. Igneous rocks present i 
in their unstratified masses no traces of organic objects — I 
animals or plants ; whereas, in sedimentary rock, we see I 
imbedded organic remains, often most beautifully mineralized, 
in almost every stratum. The former seem to have been in 
such a state of fusion as to have thoroughly calcined any 
signs of organic matter, if any there was, in their intumescent 
molten contents; and to have ejected and injected their 
fluid masses, while in this state of fusion, into fissures of 
the superincumbent strata, or through breaches made in the 
earth’s surface, and that these intrusive or outpoured ma- 
terials subsequently became solid by refrigeration. Whether 
the immediate causes of these intumescent injections or ejec- 
tions were primitive internal heat or chemical action, or both 
combined, may be debated; but it is indubitable that igneous 
rocks so differ from aqueous ones as to justify a classification 
and division of them as distinct from one another, and a 
consideration of their phenomena and characteristics as dis- 
tinct in their features, nature, and results. The igneous 
rocks form but a small proportion of the entire mass of the 
earth’s crust, though there is greater variety among them 
than among stratified rocks. To the phenomena of stratifi- 
cation we shall direct attention now, and having led obser- 
vation so far into activity on its peculiarities, we shall, 
subsequently, bring into notice some of those peculiarities 
which mark out for us the interesting inquiries which may 
be made regarding the nature, properties, and phenomena of 
the unstratified basis of the telluric crust. 

Unstratified rocks supply the primitive elements- out of 
which, by triturative denudation, the plastic materials of the 
sedimentary strata have been derived. They form the basis 
on which the strata are spread, and to a large extent, by 
their differently contoured masses, they have governed the 
external outline of the land-surfaces which appear above 
the level of the sea. Not without change, however, have 
they been left. They have by erosion, abrasion, friction, 
denudation, grinding, upheaval, subsidence, been in their 
turn sculptured and escarped by wind, water, chemical and 
mechanical agency, till they too have had their contours 
changed, and present phenomena of constitution, formation, 
inclination, and relations, offering considerable attractions to 
scientific inquirers, and not without interest to those who 
are more consciously engrossed in extracting wealth rather 
than truth from stones. The origin of the earth’s present 
superficial features is not properly to be known unless we 
can acquire a knowledge of the nature, constituents, con- 
ditions, and changes of igneous rocks, as well as of those 
more plastic and visible portions of the scenery of the globe 
which are due to the sedimentary formations. 

We shall require, in subsequent chapters, to notice and 
explain the facts that the several strata which form the 
superficial portion of the globe are full of organic remains, 
and bear evidence of a great variety of phases of terrestrial 
life, both vegetable and animal, and perhaps to attempt to 
draw from these some rough idea of the enormous lapse of 
ages occupied by these transitions of organic existence, as 
well as some comprehensible conception of the forms of being 
associated together in the differing periods of geological time. 

In the meanwhile we shall endeavour to explain some of 
the more salient peculiarities of the phenomena of stratifica- 
tion — illustrating them by references to Plate II. The funda- 
mental definition of stratification is ideal. It is founded on 
the notion that loose material deposited under water must be 
arranged in horizontal layers parallel to the surface of the 
water. In calcareous and argillaceous rocks the definition 
and the reality, for the most part, coincide wonderfully well. 
In sandstone the agreement is not so marked. In them the 
beds are not quite persistent and regular; they often become 
attenuated, and thin off as if wedge-shaped; sometimes other 


formations interpose between different layers, and occasion 
ally there are lenticular interspaces observable. [See Plate II., 
fig. 1.] Strata vary considerably, not only in thickness, but 
in their angular lie. In fig. 2 we see the lamination of coarse 
flagstone in a coal district, where a shows the regular laminae, 
while h h represent deposits made at different degrees of obii« 
quity. Above the New Red Sandstone at Bath, the Lias {i.e, 
layered) formation presents itself. The Lias limestone under- 
lies the Lower Lias clay. Maristone or Middle Lias inter- 
venes, with its laminated stony beds, in which the shells of 
the Pectinidse abound; and above this the argillaceous strata 
of the Upper Lias appears. Things are not always, however, 
so orderly as they are found in the Jurassic rocks. As fig. 4 
shows, there are contorted strata. The squeezed crumpled- 
ness of the variously bent strata on the banks of the Lake of 
Lucerne, in the uplands of Chamouni, in the valley of the 
Lauterbrun, &c., presents singular instances of these. Again, 
dislocations of strata occur, and in mining districts, as faults, 
cause considerable difficulty. An idea of such fractures may 
be gained from the diagrams given (figs. 5 and 6). The plane 
of dislocation is indicated by the sloping line. These make 
the alternate external angles acute. The succession of the 
strata, exhibited horizontally on each side, is the same; their 
thickness and qualities are alike, and there can be no doubt 
that they formed one continuous plane prior to their being 
rent asunder and separated. A more violent disturbance 
than this gets the name of unconformity of strata. The coal 
measures in Somerset show many appearances, such as those 
which are shown in fig. 7, where the disrupted coal is highly 
inclined, and must have been tilted up or have been suddenly 
depressed by some intense force, even before the red marl 
magnesian Hmestone which has overspread the disparted coal 
in horizontal layers. When (as in fig. 8), we have a central 
nucleus or axis of granite (or other unstratified rock) rising 
up at high angles and laden on its slopes with other primary 
strata, upon which again secondary strata have been found, we 
get some idea of the manner in which, by violent upheaval, 
mountain districts have originated. Another peculiar pheno- 
menon of stratification appears in fig. 9. In all rocks, fissures 
occur distinct from those of layer-lines or lines of cleavage. 
These divide the rocks into variously shaped blocks, and 
receive different names according to their nature. Some, 
following the line of direction— technically the strike — of -the 
strata are called strilce-jomts; others running at right angles 
to these, dif-pints ; and others still of more pronounced 
character, master-joints. These latter keep their course 
through great thicknesses, but imply no displacement. They 
are due, probably, to the shrinkage involved in the consolida- 
tion of masses after the sustained action of considerable heat. 
These joints have special characteristics in different strata, 
and are well known to workmen in quarries and mines. 
Strata are, in general, as we might suppose, distinguishable 
from one another by their mineralogical character; but when 
the circumstances of their deposition have been very similar 
they are often remarkably alike, and beds of one sort of rock 
are scarcely to be known, unless by experts, from beds of 
another sort. The Old Red Sandstone and the New Red 
Sandstone are in their formation very much alilce. This 
probably arises from the recurrence of similar mechanical or 
chemical agencies operating in the waters of the same locali- 
ties. Fig. 10 exhibits a diagram of coralline oolite, in which 
the strata alternate or exchange. There h represents cal- 
careous grit, and a' a are oolitic, while h' ¥ are 
sandstone formations. The gradation or passage of strata 
into strata is represented in fig. 11. In it the dark bluish 
Oxford clay is seen to shade off gradually into the yellow beds 
of solid calcareous grit in the way which imparts such a special 
appearance to the Yorkshire coast. That tendency to split 
along parallel lines, which in fissile structures is technically 
styled cleavage, is developed in fine-grained rocks, and is 
generally regarded as being the result of great pressure at 
right angles to the cleavage. It may occur in the same 
specimen (see fig, 14) in different angles of lamination. This 
is probably due to the altered incidence of superincumbent 
pressure much more than to difference in granular consistency. 
The clay slate system is a vast and variable one. Its rocks 
; are finely grained, highly metamorphosed, and extremely 
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fissile. We might take as a type the slate system in which 
the Korth of England lakes are cradled. [See fig. 13.] Here 
the Skiddaw granite base is overlaid with gneiss, which again 
is covered with hornblende slate. A marl or chiastolite 
slate next shows itself among the lower beds. Argillaceous j 
slate arrange themselves in three distinct members— dark, | 
red-argillaceous, and green. On this we find a thin course of j 
transition limestone or dark calcareous slate, and above this 
bed a thick series of graywacke rocks of difiering colour and 
texture appear. Opposite this on the Plate (fig. 12) we have 
given an idea of the general order of the succession of 
rocks of the primary strata in Scotland. Every term of this 
series is not found co-existent in the same locality, but they 
are always found in this serial order. Gneiss occupies wide 
areas as a fundamental in Scotland. Limestone, gneiss, and 
hornblende are often closely interrelated in the lower beds. 
Quartz rocks and mica schists appear in layers of compact 
sedimentary sandstone, and indurated clays in close succession. 
The green chlorite schists, separated by layers of quartz or 
felspar, come next, and then the clay slate, which imparts so 
much of its character to the soil of Scotland. Its tenacious 
plastic masses are found in unkindly frequency among the 
coal measures. As boulder-clay it often presents extra- 
ordinary depth to the plough, and, as drift and till, requires 
sagacious culture. As furnishing an alluvial of a hungry 
and barren soil they sometimes margin the rivers. WMie 
stubborn to tillage, however, they frequently provide excellent 
soil for pasture and meadow lands. They, of course, owe 
their origin to the decomposition of minerals, and a know- 
ledge of their character and the chemical combinations into 
which they most readily enter, is of great service in the suc- 
cessful carrying on of agricultural and pastoral husbandry. 
So science aids art, and knowledge increases the value of 
nature’s bounties. 


ALGEBRA.— CHAPTER lY. 

^lIiGEBRAIO ERAOTIONS — ADDITION — SUBTRAOTION. 

The primary notion of a fraction is the same in algebra as in 
common arithmetic. An integer is a whole numfo — what- 
ever may he regarded as unity; and a fraction is part of an 
integer. A fraction really signifies that a whole number is 
to be divided by the denominator, and that so many of those 
parts as the numerator denotes are to be taken. A fraction 
may mean either (1) a whole number, the numerator divided 
in general by a greater number than itself— f; or (2) a 
number of resulting parts of a unit, divided as the denominator 
indicates, taken as many times as the numerator denotes. 
These two meanings, in the latter of which f means two of 
the equal parts into which three divides unity, are very 
distinct and not identical; yet they are really quite con- 
sistent the one with the other. Functionally, however, a 
fraction in algebra is a mode of representing a sum in divi- 
sion in which the numerator is the dividend and the denomi- 
nator the divisor. ' 

Algebraic fractions may be either (1) proper, (2) improper, 
(3) mixed, or (4) complex. Proper fractions are those in 
which the letter^ of the denommator indicate a higher num- 
ber than the numerator; and an improper one is one in which 
the numerator indicates a higher number than the denomi- 

a-h j 12.3/^ — 6.!^ 4- 4 . 

-e,g. - — - proper, and — — improper. 


nator- 


Mixed fractions consist of whole and fractional terms— 

complex mm are such as have either (1) 
their denominator, (2) their numerator, or (3) both made up 

of fractional or mixed terms — e.g, a-h 

If the numerator and the denommator of a fraction be 
either both multiplied by the same number or divided by the 
same number, the real and relative value of the fraction re- 


Doaxns unchanged: —-^x- 


So 


ah+hx 

a/y+ssy 


J as truly as 5 = |.. 


A fraction is multiplied by any other quantity in either of 
the two following ways: (1) multiplying the numerator by that 
quantity, or (2) dividing the denominator by that quantity; 
and conversely a fraction is divided by any other quantity in 
either of the two following ways; (1) dividing the numerator 
by that quantity, or (2) multiplying the denominator by that 

9 

quantity — e,g. if it be given us to multiply — by Tyit would 

2@ 

equal while to divide the same number by 7 would equal 
26 

182 b h h be 

Hence it follows that the two terms of any fraction may be 
either (1) both multiplied by the same quantity, or (2) divided 
by the same quantity without altering the real and relative 
value of the fraction. Prom this principle algebraists deduce 
the method of simplifying fractions as well as the reduction 
of several fractions to a common denominator. As an in- 

stance of simplification let us take-^— ^ . This may be held 

3 5 Q? c 

to equal -Hr-V-V"? which we see we have in both the 
4.5.a4.r\A’ 


numerator and denominator the following similar parts — viz. 

Take these then away from both numerator and 
denominator, and bringing the dissimilar parts together, we 

have?^. So if we have the fraction it is really 

42? 2<z-f46 ^ 


equal to „ j-) ; of these parts, a -b 25 are common 

to numerator and denominator, and these, being taken away 

. , . a — 25 

from both, give us — — . 


We see, then, that when we have a simple quantity to deal 
with, we can bring it to its lowest terms by dividing both its 
numerator and its denominator by any factor which is con- 
tained in, and therefore common to, both. In some cases 
this is discoverable by inspection; and when this is discovered 
we call that factor the greatest common measure of the two 
quantities. We learn from our experience in dealing with 
quantities (1) that if one quantity measures another it will 
measure any multiple of it; (2) that if one quantity measures 
two others, it will measure their sum or their difference; and 
(3) that if all the signs of all the terms occurring in both the 
numerator and denominator of a fraction are changed, the 
value of the fraction will be unaltered — e.g. 

+^5 ah _-ab 

— a 4 — d + d 


Before fractional quantities can be added (or subtracted) 
they must either be, or be brought to be, fractions having 
the same denomination, yet retaining their own real and 
relative value. If they are not all of the same denomination 
therefore, we must change or alter them that they maybe 
so. This process is performed by multiplying all the denomi- 
nators into each other for a new denominator; and each 
numerator into all the denominators except its owni for new 
numerators. Thus, if it be desired to bring the fractions 

and - to a common denominator, we must multiply 5 and 
b € 

c together (5 x c) for a new denominator be, and next multiply 
a into e {axe) and d into b {hxd) for new numerators, ac 
and bd. The resulting fractions having a common denomi- 
nator equal to 2 and - will be ~ and . 

0 € be oc 

If it should happen that a whole quantity requires to be 
expressed fractionally, we must multiply the whole quantity 
into the given denominator for a new numerator, and place 
the denominator under the numerator thus found. For ex- 


ample, let us have the whole quantity 5 -f 2 to bring to the 

d 

denomination d, the result will be Mi2. If a whole quan- 
tity is to be set down as a fraction, we place the unit 1 for a 
denominator, thus 
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'fhat fractions may be brought into the most readily work- 
able condition, it is often requisite to reduce them to their 
lowest denominations. This is effected by dividing both the 
numerator and denominator by the greatest common measm'e 

of both — e.g. Let ! 


~aad 


— - — require to be brought to a lower ' 
cd-dd 

denomination. We must divide aac - aad by cd - dd, that 
is, aac-aad-i-cd-dd, the result of which is the fraction 

^ in its lowest denomination. Similarly, the following 
d 

quantity may first be taken as an exercise in finding the 
greatest common measure, and may then be reduced to its 

lowest terms, Of this the greatest common mea- 

’ 9ac-dcx 

sure is and the division being gone through the frac- 

tion in its lowest denomination appears as ■™. 

Zc 

With these preliminary remarks, definitions, and illustra- 
tions before him, the student ought to be able to follow the 
further teaching and exemplification which follow, as well as 
to perform, according to the directions given, the subjoined 
exercises. 

Generally speaking, every fraction, whether expressed by 
arithmetical or by algebraical symbols, may be regarded as a 
quotient which results from the division of the quantity indi- 
cated by (1) the numerator, by that signified by (2) the 

denominator, so that the product ^ x 6 is the numerator a. 

b 

And, conversely, every division is a process by which we 
endeavour to find out whether a given fraction can be repre- 
sented by a simple expression without fractions. 

The fundamental principle of all fractional operations is 

this: (whatever m is),? performing the 

same operation upon both numbers, we do not change the 
value of the fraction. From this it directly follows: — 

(1) That we may cancel all factors wiiich are common to 
both the numerator and denominator; that is, in other words, 
if the same factor be found in both members, it may be 
expunged, and the fraction will thereby be reduced to lower 
terms. 

Thus ^ ^ ^ _ ax 

Qaaxy ^axy'Za Za xigL^-x) a-^^x 

(2) The terms of any fraction may each be multiplied by 
the ^me quantity, and the fraction will thereby be reduced 
to an equivalent fraction having for denominator any multiple 
of the original denominator. 

Thus — x) _ aa- ax _aa 

X x{a — x^ ax — XX xx lOOx 


U5-j- 1 


Ixj _ 


10 


If the denominators of the given fractions contain among 
them a repetition of the same prime factor, such prime factor 
may be taken only once in reducing the fractions to others 

having a common denominator. Thus and — , treated as 

bx ax 

above, become and . but these fractions are mani- 
hdxx bdxx' 

7 7 

festly reducible to-?! and .rr-** the prime factors of the given 
bdx hdx 

denominators being &, X 

Addition and Subtraction of Fractions, — If alb the frac- 
tions requiring to be added have the same denominators, add 
the numerators, and under their sum as a numerator write 
the denominator. If all the numerators have not the same 
denominator, reduce them all to fractions having the same 
denominator, and proceed in the same way. Reduce the result 

to its lowest terms. Example: What is - + ~ and ^ % 

b a b d 

Let^ and q be the values of the fractions-? and so that 

0 d 


_ 

a-v aa — av ^(a-v) lOa-lOv 

In this way, an expression consisting of an integral part and 
a fraction, may be transformed into one containing fractional 
terms only, having the same denominators, by performing the 
inverse operations of multiplication and division upon the 
integral part, by means of the denominator of the fractional 
part; e.g. 


c c c 


6 _ ^ _ b _ xy 


(3) Any number of fractions being given, the numerator 
and denominator of each may be multiplied by the denomi- 
nators of all the others, or by any multiple of them, and the 
given fractions be thereby reduced to equivalent fractions 
liaving the same or a common denominator: thus, if we take 

the fractions ~ and multiply the terms of ^ by c d; 
bed b 

those of - by bd; and those of % by he, the results will be as 
c d 

follows:— 


h bed 


_ ^ ^ 

bed d bccH 


f and - then, by the nature of division, a- 




a 

1 

and c^dq. Now, let each of the equal quantities forming 
these equations be multiplied respectively by d and h, so 
that a— bp becomes ad~bdp, and c = dq becomes bc^bdq; 
then, combining tlie results, we obtain 

By addition. By subtraction. 

ad-hhc= bdp + hdq ad-hc—bdp- Idq. 

And, dividing both sides of these equations by bd, we obtain 
ad-^bc _ . ad— he 


u 


If we now put for p and q their values ? 

0 


and i , we get 


ad-^bc_ j, E 
~'bd~ b d 


ad — bc _ 
~ld~" 


c 

~d‘ 


But ? - 


and ; hence we conclude that 


hd 


a c 

b d 


d 

be 


bd^ 


ad . b 
~'bd hd'' 


ad-^hc a __ o_ ^<^d _^bc ^ gd ~ be 
bd h d bd hd bd 
From these formulae it therefore appears that, the fractions 
being reduced to a common denominator, their 

difference foi* its numerator, and the common denominator 
for its denominator; and this agrees with the arithmetical 
rules (which wiU be found on page 414). 

The preceding mode of establishing a principle, is a simple 
case of that very frequently resorted to in algebraical investi- 
gations, and should be carefully studied by the student. The 
following examples will afford him some practice: — 

I y {sc^y){x-y ) 

y xy xy xry \ y x xy xy xy 

If an integral quantity be joined with a fraction, it is to be 
considered as a fraction whose denominator is 1, and treated 
accordingly. The following are mixed quantities: — 

la ^ b{aA' b) ^ 

a(a+b) ' a(g+b) a{a-{-b) 


1 + 

X 


l.,. ^ 

a+b 


_ aaa+ aa+ 2ab + bh 
a{a+h) 


_x — 3 

^ ^ eta — XX 


X X 

What is the sum of — ? Ans, 


C C C 

Add“+™+f-. 

any-^hmy + hix 

buy 

bny 

a b 

0 _,a’\-b — c 

m m 

m m 

±+L+± 

_ano-\-hmo-^cmn 

m n 0 
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a-rh ‘dOi-\-h-\‘d 

c c c 

a+sG £^__2ad—2d.z'-^bc 
h 2d SLhd 

What ts the difference of - - - 

c c c 

a _an — hm 

h n In 
a _ b _b-c 

C C € 

a _ b _bm-an 
m n 

a+h-d _ 2b ^ a+b-d 
d+a d + a d-^a 
Za-^h — d _%a-^d _ a-{-h 
c c c ' 

9 . 1 ? _ 2^+ 1 _ 23x - 2 

¥ ”Y-“ 6 


ASTROKOMY.-^CHAPTER VI 

M ARS — PERIOD — COMPRESSION — APPARENT RETROORADB MO- 
TION — TELESOOPIO APPEARANCE — RTJBDy COEOUR-— POLAR 
BxWWS — AXIAEROTATION — SEASONS — ATMOSPHERE — SATEL- 
LITES — MINOR PLANETS — FLORA — CERES — PALLAS — JUNO 
— VESTA — ECCENTRICITY OP ORBITS — JtTPITER — PERIOI) — 
DIAMETER — BELTS — PHYSICAL NATURE — DARK SPOTS — LU- 
MINOUS SPOTS — AXIAL ROTATION — CENTRIFUGAL FORCE AT 
EQUATOR — BRILLIANCY — POUR SATELLITES — ECLIPSES OP 
SATELLITES — OCCULTATIONS — TRANSITS — PECULIARITIES OP 
SATELLITES IN TRANSIT — VARIATION OF BRILLIANCY — DIS- 
COVERY OP VELOCITY OF LIGHT — MASS OF JUPITER — TABLES 
OF JUPITER. 

THE EXTERIOR PLANETS — MARS, S- 

The first planet exterior to the earth, in the order of distance 
from the sun is Mars, and this planet bears a closer analogy 
to the earth than any of the other planets. Mars revolves 
round the sun in 686 days 23 hrs. 30 min. 41 sec., at a mean 
distance of 139,312,000 miles. The eccentricity of its orbit 
is 0*093, wMch increases the distance to 152,284,000 miles, 
or reduces it to 126,340,000 miles. The apparent diameter 
of Mars varies between 4*1" in conjunction and 30*4" in 
opposition; and owing to the greater eccentricity of the orbit 
of Mars its apparent diameter, as seen from the earth, will 
vary considerably at different oppositions. The diameter at 
mean distance of the planet from the earth, as given by Le 
Yerrier, is 7*28", and its real diameter is about 4000 miles. 
The amount of compression is variously stated. Sir W. 
Herschel gives it at tV ; Schroter at less than ; Arago, 
after thirty-six years' observation, calculated it at ; Hind 
gives it at ^r, and Main considers that ds is not very far 
from the truth. Mars exhibits phases, but not to the same 
extent as the inferior planets. In opposition the disc is 
perfectly circular ; between this and the quadratures it is 
gibbous; and at the minimum phase, which occurs at the 
quadratures, the planet resembles the moon three days from 
the full. The character of these pliases prove that Mars 
shines by reflected light from the sun. After conjunction, 
when Mars first emerges from the sun's rays, it rises some 
■ minutes before the sun, and has a direct or easterly motion; 
but as this motion is only half that of the earth in the same 
direction, Mars appears to recede from the sun in a westerly 
direction, although its real motion among the stars is towards 
the east. This continues for nearly a year, and ceases when 
its angular distance from the sun amounts to ±, 137 degrees; 
then for a few days it appears stationary. Its motion then 
becomes retrograde, or westerly among the stars, and con- 
tinues so until the planet is 180 degrees distant from the sun 
or in opposition, and consequently on the meridian . at mid- 


night; at this period its retrograde motion is swiftest ;ii 
afterwards becomes slower, and ceases altogether when the 
planet is again at a distance of about 137 degrees on the 
opposite side of the sun. Its motion then again becomes 
direct, and continues so until the planet is again lost in the 
solar rays, when the phenomena are repeated, but with a 
considerable difference in the extent and duration of the 
movements. The retrograde movement commences or finishes 
when the planet is at a distance from the sun which varies 
from 128'' 44' to 146° 37', the arc described being from 10® 6' 
to 19° 35'; the duration of the retrograde motion in the 
former case is 60 days 8 hrs., and in the latter 80 days 16 hrs. 
The period in which all these changes take place, or tiie 
interval between one conjunction and one opposition, con- 
stitutes the synodical period, which amounts to 780 days. 
Mars and the Eartli come nearly to the same relative posi- 
tion every twenty-three years, but several centuries pas.s be- 
fore exact coincidence occurs. Mars when in opposition is a 
very conspicuous object in the heavens, shining with a fiery 
red light. Its synodic period being 780 days, it comes to 
opposition and attains its maximum brilliancy once in rather 
more than two years. When in perihelion and in perigee at 
the same time, which occurs once in four synodical revolu- 
tions, or about eight years seven months, the planet shines 
with a brilliancy rivalling that of Jupiter. When observed 
through a powerful telescope Mars is found to be covered 
with dusky patches of a dull red hue (Plate YIIL, figs. 1, 2, 3), 
supposed with good reason to be continents analogous to 
those of our own globe; other portions of a greenish hue are 
believed to be tracts of water. The red hue wiiich over- 
powers the green gives the tone to the whole planet. Viewed 
through the telescope, Mars appears less red than to the 
naked eye. If these surmises are correct, the proportion of 
land to water on the Earth is reversed on Mars; on the Earth 
every continent is an island; on Mars all seas are lakes. 
From the different distribution of the water, long narrow 
straits are more frequent than on the Earth. On the Earth 
i the proportion of water to land is about 11 to 4, on Mars the 
proportions are probably about equal; and the water on Mars 
is for the most part disposed in long narrow channels. In 
the vicinity of the poles brilliant white spots have been ob- 
served, which are now considered by astronomers to be masses 
of snow, a supposition which is materially strengthened by 
the circumstance that they have been observed to diminish 
when brought under the sun's influence at the commencement 
of the martial summer, and to again increase on the approach 
of winter. Sir W. Herschel, who discovered the circum- 
stances attending their variation of size, noticed that they 
were not always precisely opposite, both being sometimes 
visible or invisible at the same time. Madler observed that 
[ the south polar spot underwent greater changes of magnitude 
i than the northern one, an observation which harmonizes 
with the fact that it experiences a greater vaxiety of climate 
from the eccentricity of the planet’s orbit. The northern 
patch has been found to be concentric with the planet’s axis, 
while the south one is considerably eccentric. %)Ots seen on 
the body of Mars early led to attempts to determine its period 
of axial rotation. 

The most recent observations are those of Madler, who 
gives the time of revolution at 24 hrs. 37 min. 23 sec. Sir 
W. Herschel fixes the period of revolution at 24 hrs. 39 min. 
21*67 sec., and he assumes that the obliquity of the ecliptic 
on Mars is about 28° 42', an angle so close to that which 
obtains for the Earth as to warrant a belief that the seasons 
, of Mars are not materially different from our own. The 
I Martial year consists of Martial- days and 16 hrs., the 
' Martial day being longer than the terrestrial in the propor- 
! tion of 100 to 97. On account of the eccentricity of the 
I planet’s orbit, the summer half of the year in the northern 
I hemisphere consists of 372 days, the winter half being 296 
I days. In the southern hemisphere the winter half consists 
! of 372 days, and the summer of 296 days. The duration of 
I the seasons in the northern hemisphere are, spring 191, sum- 
i mer 181, autumn 149, and winter 147 days. For the 
j southern hemisphere the seasons are reversed. Thus the 
! spring and summer are seventy-six days longer in the northern 
I hemisphere tlian in the southern. It is generally admitted 



IU.JTK Wfl. 



FiS? 

l/sr/ations m the fe/escop/c appearance of Mars, 









ASTKONOJyrY. 


447 


that Mars possesses an atmosphere which is moderately dense. 
Mars is now ascertained to possess two satellites, the smallest 
bodies known in the solar system, and invisible to all but 
the most powerful telescopes. They present no visible discs 
to measure, and their size can only be approximated from 
tlieir brightness ; they do not exceed 10 miles in diameter. 
Their distances from the planet are about one and a half and 
seven diameters, and their periods about eight and thirty 
hours respectively. The mass of Mars is variously estimated. 
Burckhardt makes it of the sun, Madler and 

Le Yerrier computing the places of Mars, the 

tables of Le Yerrier, published in 1861, are employed. 

THE ASTEROIDS. 

The researches of late years have led to the discovery of a 
numerous group of small bodies revolving round the sun in 
the wide interval that exists between the orbits of Mars and 
Jupiter. These planets, termed the mmor planets or asteroids, 
differ in some respects from the other members of the solar 
system, especially in point of size, the largest being probably 
not more than 200 or 300 miles in diameter. Their orbits 
also are much more inclined to the ecliptic than the orbits of 
the major planets. The nearest to the sun is Flora, which 
revolves in its orbit in 1193 days, or 3J years, at a mean 
distance of 201,274,000 miles. The most distant is Freia, 
with a period of 2299 days, or 6*3 years, and at a mean 
distance of 311,713,000 miles. 

The least eccentric orbit is that of Lomia, in wliich the 
eccentricity amounts to no more than 0*023. The most eccen- 
tric orbit is that of Othra, in which the eccentricity amounts 
to 0*381. The least inclined orbit is tliat of Massilia, in which 
the inclination amounts to 0*41'. The most inclined orbit is 
that of Pallas, in which the inclination amounts to 34°42'. 
The brightest, and possibly the largest, of the minor planets 
is Yesta, The more recently discovered planets are ah so 
small that it is difficult to name which is the smallest. 
Several of the minor planets have been found only to be 
lost again, and their positions cannot now be determined. 
Others have been found again after being lost. 

Ceres has sometimes been seen with the naked eye, having 
then the brightness of a star of the seventh magnitude; in i 
general it resembles a star of the eighth magnitude. Its light 
is somewhat of a reddish tinge, and a haziness round the 
planet has been attributed to the density and extent of its 
atmosphere. 

Pallas, when nearest the earth in opposition, shines as 
a full seventh-magnitude star with a yellowish light. Traces 
of an atmosphere have pJso been observed. Juno shines 
as an eighth-magnitude star, with a reddish light. Vesta 
appears at times as brilliant as a sixth-magnitude star, and 
aiay then he constantly seen with the naked eye. The 
light of Yesta is usually considered to be white, but Hind 
considers it a pale yellow tint. Olbers, in determining 
the elements of the orbit of Pallas, remarked the close 
coincidence existing between the mean distance of that 
planet and Geres, and it is found that a very intimate con- 
nection does apparently exist between these minute bodies, 
so much so, that if their orbits were figured under the form 
of material rings, these rings will be found so entangled that 
it would be possible, by means of one among them taken at 
hazard, to lift up all the rest. Many of these small planets 
have been discovered independently by two or more observers. 
All the brighter planets have evidently been found, and each 
new planet discovered is fainter than its predecessor, and 
consequently small telescopes are now incapable of making 
new discoveries. Flora, Victoria, Melpomene, and Metis 
are the only minor planets for the determination of whose 
places tables are as yet calculated. The number of the minor 
planets is frequently enlarged by additional discoveries. On 
1st April, 1886, Herr Palisa of Vienna discovered another, of 
the thirteenth magnitude ; and a further addition was made 
by Dr. Suther of Dusseldorf on 4th May, 1886, of one of the 
eleventh magnitude (Ho. 258). 

JXTPITEE, 

The planet Jupiter is the largest of the solar system, 
revolving round the sun in 4332*6 days, or 11*86 years, at 


a mean distance of 475,693,000 miles. The eccentricity 
of its orbit is 0*048, which gives as its greatest distance 
from the sun 498,603,000 miles, and its nearest approach 
452,782,000 miles, Jupiter’s apparent diameter varies be- 
tween 50*7" in opposition and 30*8" in conjunction, being 
37*91" at its mean distance. The planet’s equatorial diameter 
is 88'400 miles or thereabouts. The compression at the 
poles is greater than that of any other planet (Saturn ex- 
cepted), and amounts, according to the observations of Main, 
to ife. Lassell gives the amount at ife* Jupiter exhibits 
a slight phase, in quadratures it is gibbous, the illuminated 
portion always exceeds a semicircle, and owing to the great 
distance of Jupiter the diminution of light is very small, and 
only perceptible in the form of a slight shading off' of the 
limb furthest from the sun; this is more readily noticed in 
twilight than in total darkness. Viewed through the tele- 
scope the belts of Jupiter form the principal characteristic. 
They consist of dusky streaks of varying breadth and num- 
ber, lying more or less parallel to the planet’s equator. It is 
generally supposed that the planet is enveloped in dense 
masses of vapour, and that the belts are merely longitudinal 
fissures in these clouds exposing the more solid mass beneath. 
These belts, or perhaps atmospheric fissures, are constantly 
changing their features. Sometimes only two or three broad 
ones are observed; at other times the planet’s disc appears, 
traversed by as many as eight, ten, or more narrow ones. 
These appearances are not permanent, but change from time 
to time, and occasionally with extreme rapidity, even in the 
course of a few minutes; at other times the alteration is 
only gradual, and they may retain nearly the same forms for 
several consecutive months. Commonly they are absent im- 
mediately under the equator, but north and south of this 
line there is generally one wide streak and several narrower 
ones. The luminosity of the planet at each pole is feebler 
than elsewhere. The belts are distinguished usually by a 
grayish tint, the body of the planet being frequently rose- 
colour; but more powerful telescopes bring out traces of a 
brownish tinge, especially on the larger belts (Plate YIII., 
fig. 4), Occasionally, as during the years 1869-72, the 
belts are characterized by considerable variety of colour — 
copper, deep purple, claret, red, orange, Roman ochre, being 
the terms employed by Browning and others to describe the 
colours. Plate VIII., fig. 5, is from a sketch by Lassell in 
December, 1871. These colours fade away towards the 
margin of the disc on either side, a circumstance thought to 
arise from the fact that the portions of the planet’s atmo- 
sphere, near the limbs, are necessarily viewed obliquely. 
Occasionally, but rarely, oblique belts may be seen (figs. 6, 7), 
and under powerful telescopes various irregularities are ob- 
served, which mider lower powers are simpler outlines. Spots 
are occasionally visible on Jupiter’s disc. A remarkable 
spot was observed by Airy between December 11, 1834, and 
March 19, 1835, and during a portion of this interval a 
.second was seen. In 1843 a very large black spot was 
noticed, and in November and December, 1858, two oblong 
dark spots were observed. Luminous spots have also been 
noticed, sometimes singly, and at other times in clusters. 
In October 25, 1857, no fewer than eleven were seen all 
; clustered together in the southern hemisphere. Nothing is 
; known of the physical nature of either the dark or the 
luminous spots; but recent observations indicate that the 
large wMte patches on the equatorial zone of Jupiter cast 
shadows, an indication that these patches project above the 
general surface of the planet. All the appearances presented 
seem to point to the conclusion that the actual body of the 
planet is not seen either in the dark belts or the bright 
ones. The general form of the spots of both kinds is more 
or less that of a circle, Cassini, by close observation of the 
spot he observed in July, 1665, detected movement, and by 
its means calculated a period of axial rotation of about 
9 hrs. 56 min. The observations of Airy and Madler, in 
1835, give 9 hrs, 55 min. 21*3 secs, and 9 hrs. 55 miu. 
29‘9 secs. The axial rotation of Jupiter’s mass being so 
much more rapid than that of the Earth, combined with its 
greater diameter, results in the motion at its equator having 
a higher velocity than that of any other planet, being 466 
miles per minute, as against the Earth’s, 17 miles per minute, 
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consequently the intensity of the centrifugal force must 
be very great, and the polar compression proportionally 
large. 

tinder favourable circumstances Jupiter, like Mars, rivals 
Venus in brilliancy, and casts a shadow. Bond found that 
for photographic purposes its surface reflects light better 
than that of the Moon in the ratio of 14 to 1. Zollner 
calculates that Jupiter reflects 0*62 of the light it receives, 
the Moon reflecting only 0*17 of the incident light. With 
Jupiter strong indications exist of inherent luminosity; and 
various circumstances point to the conclusion that this planet 
is itself a miniature sun. The heat derived from the sun is 
comparatively so small that it would leave water on J upiter’s 
surface about 260° C. below freezing point. Any clouds, 
therefore, must arise from internal heat. Again, if it is 
conceived that the Earth and Jupiter were simultaneously 
formed, Jupiter would retain its heat for ages after the 
Earth had cooled down. 

Seen from the Earth, the apparent motion of Jupiter is 
sometimes retrograde. The length of the arc of retrogradation 
varies from 9° bV to 9^^ 59', and the time of its performance 
from 116 days 18 hrs. to 122 days 15 hrs. This retrograde 
motion commences or ends when the planet is at a distance 
from the Sun which varies from 113° 35' to 116° 42'. 
Jupiter possesses four satellites, first seen by Galileo at 
Padua, January 7, 1610. They shine with the brilliancy 
of stars of the sixth or seventh magnitude, but from their 
proximity to the planet are generally invisible to the naked 
eye. Eig. 8, Plate YIIL, gives the general appearance of 
Jupiter and the four moons, viewed through a telescope of 
moderate power. The satellites of Jupiter are distinguished 
i.)y ordinal numbers. The first satellite is the one nearest 
the planet, the fourth the one furthest removed. The third 
is the largest and brightest, and can usually be identified 
with little difiiculty. The eclipses, occultations, and transits 
of Jupiter’s satellites afford an endless series of interesting 
and useful phenomena. The first, second, and third satellites, 
in consequence of the smallness of the inclinations of their 
orbits, undergo once in every revolution an eclipse in the 
shadow cast by the planet into space. The foui*th, from its 
orbit being more inclined and its distance from the planet 
considerable, does not become eclipsed nearly so frequently. 
When the satellites enter the sliadow the immerdon is said 
to take place; when they come out of it, the emersion. 
Associated with the eclipses are the occultations, tliat is, 
when the satellite is hid by the direct interposition of the 
planet itself, independently of the shadow. When the planet 
has passed its conjunction with the sun, the shadow is pro- 
jected on the western side, and at this time both the im- 
mersions and emersions of the tliird and fourth satellites 
may be observed, but not always those of the second; and 
only the emersions of the first, in consequence of its proximity 
to the planet causing it to enter the shadow behind the 
planet. When Jupiter is near its opposition to the sun, the 
immersions and emersions take place very close to the planet’s 
limbs. As the planet again approaches conjunction the 
shadow is projected on the eastern side, giving rise to pheno- 
mena partly complementary to those described. 

The transits of the satellites and their shadows across the 
planet are of frequent occurrence when the satellites are in 
those parts of their respective orbits which lie nearest to the 
earth. The satellites appear on the disc of the planet as 
round luminous spots preceded or followed by their shadows, 
which show themselves as round blackish spots. The shadow 
precedes the satellite when Jupiter is passing from conjunc- 
tion to opposition, but follows it when the primary is between 
opposition and conjunction. When actually in conjunction 
the shadow is in a right line with the satellite, and the two 
may be superposed. Some peculiarities in the appearance 
of the satellites during transit are well attested. III. is 
nearly always seen almost as dark as its shadow. IV. has 
recently been often so seen. II, has never had the slightest 
shading on its disc, and I. only a gray tinge. Jupiter’s 
satellites move in orbits nearly circular, and between the 
motions of the first three a singular relation exists: — The 
mean sidereal motion of I., added to twice that of III., is 
constantly equal to three times that of IL; so that the 


sidereal longitude of 1., plus twice that of III., minus three 
times that of II., yields a remainder always constant, and in 
fact equal to 180°. 

Sidereal Motion 
per Second of Time. 

Satellite I, 8*478706x1= 8*478706 a. 

“ IL, 4*223947x3 = 12*671841 1. 

“ III, 2*096567x2= 4*193134 
‘‘ IV., 0*898795. 

Adding a and c together =12*671840, which quantity is to 
five places of decimals the same as h. From this it follows 
that for an immense period of time the three satellites 
cannot all be eclipsed at the same time. It occasionally, 
but very rarely, happens that all four satellites are for a 
short time invisible, being either directly in front or behind 
the planet. This curious phenomenon occurred on August 21, 
1867, when the planet appeared without satellites for one 
hour and three quarters. The satellites appear to vary in 
brilliancy from some cause at present undetermined. It 
was to observations of the satellites of Jupiter that we owe 
the discovery that light is not propagated instantaneously 
through space. [See “ Light,” NiLTURAU Phiuosophy.] It 
was observed that the calculated times of the eclipses did 
not correspond with the observed time, and that the differ- 
ence was a quantity constantly affected by opposite signs of 
error according as Jupiter was in perigee or apogee. In the 
former case the eclipse always occurred before the calculated 
time, in the latter always after it. The regularity with 
which these anomalies presented themselves gave rise to the 
suspicion that they had their origin in the variations which 
occurred in the distance of Jupiter from the earth; that as 
this distance increased or diminished, so a longer or a shorter 
period was necessary for light to traverse the space between 
the two planets. 

The mass of Jupiter has been very accurately determined. 
Laplace, from observations of the fourth satellite, placed it at 
Bouvard, from the perturbations of Saturn, at 
Nicolai, from the perturbations of Juno, at Encke, 

from the perturbations of Vesta, at toV« 5 ; the per- 

turbations of the comet bearing his name, at Kruger, 
from observations of Themis, at Jacob, from the 

motions of the satellites, at and Moller, from 

the motions of Faye’s comet, at Any one of these 

last three values may be considered substantially exact. 
The tables of Jupiter used are Le Verrier’s; and for the 
satellites Bamoiseau’s tables, published in 1836, are employed. 


PENM ANSHIP.-^CH AFTER V. 

CAPITALS — THEIR OLASSIEIOATIOES, EORMS, &C. 

Penmanship does not consist in the mere formation of 
certain converationally intelligible marks upon paper. It 
implies the fixed habit — only attainable by constant and 
careful practice— of forming correct and well-shaped written 
characters. Though writing is, for the most part, regarded 
as a mere mechanical acquisition, easily attainable by any 
one who will devote himself with thorough engrossment to 
the production of close and perfect imitations of excellent 
models, wisely chosen, yet, we believe, it is capable of being 
pursued in a scientific manner, upon correct principles, fol- 
lowing an intelligible classification, and resulting in a good 
scheme of well-arranged studies. The laws of form and the 
requirements of shapeliness may be understood and applied 
as aids and helps to the efforts of mere imitation. In the 
hope of accomplishing something for the intellectual guidance 
of the penman we have prepared on Plate II., in two 
specimen alphabets, classified forms of capitals, which we 
should like to explain and to recommend as the foundation 
of the practical exercises in penmanship through which a 
free, easy, and legible style of handwriting may be intelligibly 
acquired by those who patiently and painstakingly proceed 
to work for the attainment of an exact and useful system 
of caligraphy. 

The student who desires to begin in the easiest manner to 
make capital letters should perhaps examine and endeavour 
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SO understand the mode of forming the second row of whenever we have learned to manage that element fairly in 
the upper capital series of letters presented on Plate II., one, we have got so far towards the accomplishment of it in 
that is, those letters which are arranged under the heading all the others. 

straight line.” It will be readily observed that the first We now proceed to take up the configuration of the first 
member of that series, X, is very simply formed, consisting line on Plate IL, brought together in this classification as 
as it does in reality of what used to be called “a pot-hook” “angular letters,” that is, capitals in which the angle prevails, 
and “a hanger” joined together by a slight hair-stroke and of which its occurrence forms a feature. Probably the 
Hgature, an element with which, however, the writer may best way to approach the study of these letters is to examine 

dispense if he so pleases. The main elements employed them closely. In doing so the student will be likely to see 

may be described as (1) a right upward curve turning round at once that, in reality, the form of T is really repeated 
gradually to meet (2) a downward sloping line; then, without twice in W, and that it forms the latter two- thirds of N. 
lifting the hand, let the pen pass upwards within the line so Again, we perceive that the first elements in A, N, and M 
formed half-way, after which cause the pen to make (3) a are alike, and that in fact, comparatively speaking, just 
hair-stroke slightly slanting towards the right and rising to as W presents us with a double form of V, the capital M 
the height of the curve; on this hair-stroke carry down gives us a duplex of A. Taking A, N, and M, we have a 
(4) a heavy downward main-slant line for nearly three-fourths lower initial dotted oval joined to an upwardly slanting 
of the length of the letter, at which point begin to thin grace-line, to the top of which, with an acute angle, the last 
gradually so as to form (5) the under left-hand fourth of an element in H is joined. To the upward slanting grace-line 
oval This might perhaps be more concisely and quite as seen in A the capital N adds the form of V. This Y itself 
intelligibly described by saying: — Form first the one half of is a simple form, consisting of the first element in H, only 
the small-hand letter n (text-size), and to this add the latter that it is, to give greater pleasantness to its appearance, 
half of the letter u. The next letter, H, is nearly equally slightly tapered towards the ends. From the foot, making 

simple. It is formed by (1) a connective slant hair-line, an acute angle with it, the grace-line which is seen in A 

beginning about one-third of the (intended) size of the letter; rises, and the dotted oval with wliich it terminates exactly 
(2) a full length heavy slanting down-stroke; (3) a similar resembles that with which A commences reversed. Indeed, 
stroke repeated at a distance equal to one-third of the height so far as the main elements of V are concerned, they might 
of the capital, from the lower part of which, about one-Mth be described as those of A reversed. Tracing thus the 
up, and turned towards the left, sufiiciently rounded to pass similarities of the elementary forms of these capitals, we can 
beyond the first straight line, let there spring out (4) a see at once that each part over which we acquire mastery 
connective oval as shown in specimen 4,. mid-line of Plate II. makes the effort required to accomplish the next less 
The first part of K resembles that of H. We next have a difficult. The terminal oval of M may be in practice — 
terminal element, like example 1 in the upper line of the when it is used in the writing of a word— omitted, and the 
middle section of the Plate, a medial connective like example turn given to it then is just like that of a small-hand n. Some 
1 in the middle line, and the lower fourth of an oval. The letters people prefer rounded corners to the sharp angles here given, 
P, B, and R have each the same first element as H and K; and to this there can be no real objection offered, although it 
besides this the first has an inverted oval springing out from is found rather difficult to make the curving of the angular 
the right of the main-slant, and swirling round to the right part take such a grace as one likes to see in capital letters, 
of that line; the second has this oval doubled, with the It is not unusual to give the A a terminal oval turn similar 
latter generally somewhat larger than the former; the third to that seen in M, and to draw a horizontal line through the 
has the upper oval iilce P, with the medial connective and letter about one-third its height. Instead of the form given 
terminal lower fourth of an oval similar to K. The elements in the Plate, these letters then assume some such shape as is 
of similarity in these six capitals are easily noted, and given below. 



The third line on Plate II. comprises those capitals in slant. One of the chief difficulties felt in forming L and I> 
which the “ grace-line ” forms the chief special element. The is the making of the union-loop between the two grace-lines 
main down-fine in each of these letters, as may be seen at a on the left of these letters. In doing this, the end of the 
glance, is the Hogarthian one. Beginning slightly above grace-stem requires to be carried up till it lias just reached 
the middle of the (intended) capital, with a portion of an the point of retroversion or turning backward; at tMs precise 
elliptical oval taking its curvilinear sweep towards the left, point the horizontal grace-line should take its origin, and 
we next produce a down-slope grace-line, and add (as in the should be, from that, so curved, that at one-half of its length 

Plate) a dotted ovalesque terminal. The next capital con- its lowering inclination should begin, and so soon as this 

sists of (1) a horizontal grace-line, lying across the top and line has reached the base of the general writing its upward 
joined by a curved hook to (2) a similar grace-stem to that curving should be made. Unless great care is ^ken in this 
which appears in I. Precisely the same form occurs in F, particular part a disagreeable angularity and failure of grace 
but across the centre of the grace-stem there is placed a occurs, and in the case of J> leads to the upward sweep of 
curvilinear hook and loop exactly similar to the union-loop the hand in the manipulation of the left semi-oval being 
of the two grace-lines at the top of the letter. The under- awkwardly caught, so that a humphy angularized appearance 
l^ng half of an elliptical oval, drawn horizontally, forms the is presented at the union point of that semi-oval and the 
first element of S; the second is the same grace-stem as is full oval which curves round on the left of the upper half of 
used in the three previous letters. An L is formed in every the grace stem. A capital J is formed of the upper two-thirds 
essential particular like an S until the grace-stem ends; then, of an I together with the form of the small lottery, or the 
instead of adding on the terminal oval, we draw a horizontal tail (as it is called) of a capital Y joined to it. Three grace- 

grace-line from the terminal point of that line, and recrossing lines, one horizontal somewhat to the left and looped as in 

it on the level base-line of the writing. The grace-stem T and F, one light down-slanting for the central grace-stem, 
element of the L, together with the hoiizontal grace-line and another horizontal one looped and crossing the main-line, 
crossing it, reappear in B; but to form its back there is as in L and B, towards the right, constitute 2. 
required the right side of a vertically drawn oval, into the . The “circular” or curvilinear group occupies the fourth class, 
formation of which the level grace-line merges, and to the The first is an oval 0, formed exactly as the small-hand letter 
curving top of which there falls to be added a full free oval, iSi Beginning at the top, a full left-curved line is made with 
like an 0 produced , with the incidence of the connective a gradual shade, growing heavier till the curved turn reaches 
von. I. . 57—58 
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the middle; giving a broad rounded turn at the base we make 
a right upward curve similar to that on the other side, and 
at aibout an eighth less tlian the whole length of the letter, 
bring the top turn broadly round at a little distance from the 
first curved line, to which the closing one should be kept 
nearly parallel about half-way down. In writing C we be^n 
with the first oval sweep of S and L, form a left side curve like 
that of an 0, and when the broad round turn of the base of 
the oval has been made, sweep suddenly round so as to make 
five-eighths of a small oval. In G a sweep similar to that 
which constitutes G (only two- thirds of the size, however) is 
used, but the base-oval is suddenly arrested, and the lower 
third of the letter I is attached to it on the right-hand side. 
An E consists of two ovals; the upper and smaller is about 
half the size of the lower, which, besides being twice the 
size, takes the form of the lower oval portion of G. The letter 
Q takes the form of figure It is an inverted oval of the 
type used in 0 with the lower left loop of L added to it In 
U the first ovalesque form is similar to that used in Q; 
instead, however, of curving concavely towards the left, the 
lower half of the oval of 0 is added to it, and to the up- 
curve on the right of this a small-hand I form is attached. 
The first portion of Y is similar to Q (only two-thirds, how- 
ever, of the size), and to tliis a small-hand y, or the latter 
half of a capital J-form, is attached. 

In this way, making use of classification and analysis, we 
can gather together resembling forms and bring before our 
minds similar parts. This enables us to see how the same 
skill as has been attained in former efforts is again demanded 
in the forming of new compounds, and every gain we make 
we know is giving us fitness for succeeding in our next 
endeavour. Instead of regarding each individual letter as a 
separate integral form to be studied and produced, we per- 
ceive that they are compounds made up of simpler elements, 
and know that when we have mastered these elements we 
have only the work of combination to achieve, and then 
we shall possess the power of using skilfully and intelligently 
the art and mystery of penmanship. We shall explain 
similarly the “ Sowing grace-line capitals,” given in the lower 
half of Plate IL, in our next lesson. 


the surface and where the channel is deepest, which is nisually 
near the centre of the width, diminishing from that point to 
the banks on either side, and to the bottom, where it is a 
minimum. The mean velocity of water in a river may be 

expressed approximately by the formula 307 in which r, 

usually denominated the mean radius, is in inches the quotient 
of a division of the area of a transverse section of the river 
by the breadth, the latter being measured on the surface of 
the bed; and I is in inches the distance of a portion of the 
river between two points in its length, whose difference 6i 
level is one inch. By experiment it has been found that, if 
^?' = the velocity at the surface of the river, the velocity at 
the bottom, and v the mean velocity as above, all being ex- 
pressed in inches per second, then — -If, and tJ== 
The best experiments give the mean velocity 
throughout the section at 84 per cent, of the niaxinmm 
central surface velocity, which is generally the velocity ob- 
served. The following table gives the mean velocity corre- 
sponding to observed maximum velocities: — 

MEAN VELOCITY FOE OPEN CHANNELS, OANALS, AND RIVERS, 
PROM OBSERVEB CENTRAL SURFACE VELOCITY. 


I!IATUEAL PHILOSOPHY.— GHAPTEE XL 

WATER COURSES — VELOCITY OP STREAM — OPENINGS OF 
BRILGES — MILL STREAM AND WATER WHEELS — TURBINES 
— WATER MOTORS— WATER-RAISING MACHINES — RESIST- 
ANCE OF BODIES MOVING IN WATER — CAPILLARY ATTRACTION 
—ATTRACTION OP FLOATING BALLS — SPHERICAL FORM OF 
DROPS — SURFACE TENSION — DIFFUSION OF LIQUIDS — CRYS- 
TALLOIDS — COLLOIDS — ENDOSMOSE — EXOSMOSE. 

If the flow of a body of water in a river or large open water- 
course experienced no resistance from the friction of the 
banks and the bed of the stream, its motion would go on 
contiaually accelerating from its source to its mouth, like 
that of a solid body falling by the action of gravity; and the 
consequences would be, tliat besides the destruction resulting 
from the impetus of the torrents in the lower levels, the 
entire land of the higher elevations would be drained of all 
moisture, so that the soils would become sterile and incapable 
of growing crops or sustaining vegetable and animal life. The 
.adherence of the particles of water to each other, and the 
friction of the water in moving against the beds, produces a 
resistance which increases with the velocity of the current, 
and this resistance becomes at length equal to the accelera- 
tive force of the descent; and then a uniform motion of the 
stream is established. But when a current is in a state of 
equilibrium, the velocities in different transverse sections of 
the river may be very unequal, on account of the variations 
in the areas of those sections, through aU of which the same 
quantity of water must flow in the same time; if this were 
not so the equilibrium of the river would be destroyed. From 
, this it follows tliat the products of the areas of the sections 
jpaultiplied by the velocities , in each must be equal to each 
other, and that the velocities in different sections must be 
inversely proportional to the areas pf those sections. The. 
velocity, however, varies in tire section, being a .maximtim at 

’ '6' ■ ' U ’'., " !' iV!'.; 


Surface 

Veloc. 

Mean 

Velocity. 

Surface 

Veloc. 

Mean 

Velocity. 

Surface 

Veloc. 

Mean 

Velocity. 

Surface 

Veloc. 

■ Mean 
Velocity. 

1 

•84 

26 

21*84 

51 

42*84 

76 

63*84 

2 

1*68 

27 

22*68 

52 

43*68 

77 

64*68 

3 

2*52 

28 

23*52 

53 

44*52 

78 

65*52 

4 

3*36 

29 

24*36 

54 

45*36 

79 

66*36 

5 

4*2 

30' 

25*2 

55 

46*20 

80 

67*2 

6 

5*04 

31 

26*06 

56 

47*04 

81 

68*04 

7 

5*88 

32 

26*88 

57 

47*88 

82 

68*88 

'8 

6*72 

33 

^ 27*72 

58 

48*72 

83 

69*72 

9 

7*56 

34 

28*56 

59 

49*56 

84 

70*56 

10 

8*4 

35 

29*4 

60 

50*4 

85 

71*40 

11 

9*24 

36 

30*24 

61 

51*24 

86 

72*24: 

12 

10*08 

37 

31*08 

62 

52*12 

87 

73*08 

13 

10*92 

38 

31*92 

63 

52*92 1 

88 

73*92 

14 

11*76 

39 

32*76 

64 

63*76 1 

89 

74*76 

16 

12*60 

40 

33*6 

65 

54*6 1 

90 

75*6 

16 

13*44 

41 

34*44 

66 

55*44 

i 91 

76*44 

17 

14*28 

I 42 

35*28 

1 m 

66*28 

92 

77*28 

18 

15*12 

i 43 

36*12 

i 68 

57*12 

93 

78*12 

19 

15*96 

44 

36*96 

69 

67*96 

94 

78*96 

20 

16*8 

45 

37*8 

70 

58*8 

95 

79*80 

21 

17*64 

46 

38*64 

71 

69*68 

96 

80*64 

22 

18*48 

47 

39*48 

72 

60*48 

97 

81*48 

23 

19*32 

48 

40*32 

73 

61*32 

98 

82*32 

24 

20*16 

49 

41*16 

74 

62*16 

1 99 

83*16 

25 

21*0 

It 50 

42*0 

76 

63*00 

1 100 

! 84*00 


Thus, if a channel or canal, whose area is 24 square feet, 
has a central surface velocity of 35 feet per minute, the mean 
velocity is 29*4 feet, and the discharge will be 29*4x24= 
705*6 cubic feet, or 705*6 x6’23 = 4396 galloms per minute. 
A simple method to find the velocity of a stream is to stretch 
two lines across the stream near to the surface, and about 
66 feet apart, and a float being placed a few yards above 
the highest one, and in the centre of the stream, or where 
the velocity is observed to be greatest, the exact time of the 
float passing from line to line is carefully rioted. The float 
should consist of a small piece of thin wood, about J inch 
thick, so as to be wholly immersed, and exposed as little as 
possible to the action of the wind. Assume that the float 
passes over the 66 feet in 20 seconds, in one minute there- 


fore it would be 


66x60 

20 


or 198 feet. This being the maxi- 


mum velocity, the mean over the whole area would be 
198 X *84 or 166 feet per minute, and therefore the discharge 
is 166 X 27*74=4600 cubic feet per minute. 

The mean velocity in any one section may be practically 
found, with sufiicient accuracy, by placing in the stream a 
rod of wood loaded at one end with a weight suflicient to 
allow it to float upright in still water. The greater velocity 
at the upper surface will make the rod incline towards the 
direc;tion of the stream; and consequently, when it has ac- 
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quired a state of equilibrium, it will float in an oblique 
position; the top of the rod will move slower than the water 
at the upper surface of the river, and the bottom will move 
faster than the water in the lower part. Hence, the mean 
velocity of the water in that part of the breadth of the river 
may be considered as nearly equal to the observed velocity 
of the rod. A knowledge of the velocity of the water at 
the bottom of a river is of considerable value in enabling 
an opinion to be formed of the action of the stream on 
its bed; and it is evident that to insure permanency, the 
accelerative force of the water should be in equilibrium with 
the tenacity of the cliannel. The action of a current with a 
velocity of Z inches per second at the bottom will remove fine 
potter’s clay; a velocity of 6 inches will lift fine sand; that 
of 12 inches will sweep away small gravel; 24 inches will roll 
away rounded pebbles; and 3 feet per second will carry along 
angular stones of the size of an egg. In the Stronsa Frith 
and other tideways of the Orkney and Shetland Isles, where 
the velocity at spring tides exceeds 21 feet per second, 
boulder rocks of many tons weight are swept before the 
current. 

The head lost by a stream in passing through a bridge is 
chiefly that due to velocity alone; the length of the channel 
is generally so short that it has little influence on the dis- 
charge. The velocity of discharge through a culvert or sub- 
merged opening is dependent upon the difference of the level 
of water at the two extremities of the opening, and is not 
affected by the depth below the surface at which it is placed. 
For very short culverts allowance must be made for the 
velocity at entry. As an example of the practical value of 
the data given, let it be supposed that it is desired to utilize 
a stream of water for driving a corn miU. Let the stream 
be 1500 yards long, with a total fall of 6 feet 6 inches from 
the tail of the preceding mill To ascertain the quantity of 
water available, a spot should be selected in the stream where 
the current appears to be tolerably uniform for some 100 feet 
or more, and at a time when the stream is at its average flow. 
Let the point where this uniformity of current is selected be 
assumed to be 24 feet wide. To obtain the area of the 
stream, divide the width into, say, eight equal portions of 
3 feet each by stretching a tape across the stream, and then 
measuring the depths midway between each of the divisions, 
using a rod with a flat board some 7 or 8 inches square at 
the end of it, to prevent penetrating the soft bed of the 
stream; taking the mean of these measurements to be 1*156 
foot, the sectional area will be 1*156x24 = 27*74 square feet. 
The velocity of the stream is then found by the method 
given; the maximum velocity is 66 feet in 20 seconds, 
so that the mean velocity over the whole area will be 
198 X *84, or 166 feet per minute, and the discharge will 
be 166x27*74, or 4600 cubic feet per minute. The total 
fall of the stream is 6 feet 6 inches; and allowing 6 inches 
for the fail of the stream itself, the net fall at the water- 
wiieel will be 6 feet, a cubic foot of water weighing 62*3 
pounds, the horse-power being 33,000 foot-pounds; and 
allowing that a breast water-wheel utilizes 50 per cent., or 

'5 of the gross power of the water, then X 62 3 x 6 x 5 


33,000 

= 26 horse-power. Then, as a pair of 4 feet stones, grind- 
ing 4 bushels of corn per hour, requires about 4 horse- 
power, and a dressing machine about 6 horse, and if four 
pairs of stones are employed, they will absorb 16-f-6 or 
22 horse-power, allowing a surplus of 4 horse-power for 
the mill-gearing and smaller machinery. The diameter of 
the water-wheel should be about 2*5 times the fall, say 15 
feet, and the speed of its circumference being 4 feet per 
second, or 240 feet per minute, and with a depth of bucket 

1*5 foot, the width of the wheel would be 


4600 

240-hl*5" 


12*8 feet, or about 13 feet. 

WATER-WHEELS. 

In the example given a breast- wheel has been mentioned, 
but there are various other forms of water-wheels employed 
^ utilize the motive power of water. A water wheel is a 
^ wheel provided with buckets or float-boards at the circum- 
ference, on which the water acts either by pressure or im- 


pact. Figs. 1, 2, 3, 4, Plate VIII., show various forms of 
water-wheels. Figs. 1 and 2 represent the Tindershot wheel, in 
which the float boards are either placed radially — that is, at 
right angles to the circumference of the wheel, as here shown — 
or at an angle. The lowest float-boards are immersed in 
the water, which flows with a velocity depending upon the 
height of the fall. Such wheels are used where the quantity 
of water is great, but the fall inconsiderable. The total 
theoretical efiect of a fall of water is never realized; for the 
water, after acting on the wheel, stiU retains some velocity, 
and therefore does not impart the whole of its velocity to 
the wheel In many cases water will flow past without 
acting upon the wheel at all. '^h.en the water acts by 
impact, vibrations are set up which are transmitted to the 
earth and lost. The same effect is produced by the friction 
of a body of water falling over an edge, a b, of a sluice (flg, 
6, Plate X.), in the channel which conveys it, or against the 
wheel itself, as well as by the friction of the wheel and axle. 
In the undershot wheel the water acts only by its impulse. 
The work performed by this form of wheel is from 27 to 30 
per cent. In the hreast-wheel (fig. 3) the flow of water is 
regulated by the sluice, c d, and the rack and pinion, al 
The head is m x, and the incline for the fall is shown at o p. 
The percentage of power of the breast- wheel is from 45 
to 60 per cent. The overshot wheel (fig. 4) is generally 
employed when the quantity of water is small and the fall 
considerable, as with mountain streams. On the circum- 
ference of the wheel are placed buckets of a form to retain 
the water during a certain portion of the revolution. The 
water falls into these buckets on the upper part of the 
wheel, from the sluice x y z, and the wheel is moved 
forward by the weight of the water. As the wheel revolves 
the buckets empty themselves, and at the lowest point, d, 
commence to ascend again empty; the full force of the 
water in the bucket is exerted when it is at b, as then 
the leverage is the greatest. Fig. 4 shows the value of the 
leverage of the buckets in their descent, through the semi- 
revolution of the wheel. 

A horizontal water-wheel differs in no respect from an 
undershot^ except in its being placed horizontally instead of 
vertically, and the floats inclined so as to be struck at right 
angles by the water. Horizontal water-wheels, however, are 
no longer used, having developed into the tmhme, a hori- 
zontal wheel which is generally entirely submerged at tire 
base of the column of water supplying it, though some 
varieties act equally well in any part of the column, provided 
their escape pipe is entirely filled by the falling water. One 
form of turbine (Fourneyron’s) is shown in plan and section 
in figs. 5 and 6, Plate YIII. It consists of a fixed central 
cylinder, a «, which forms the inlet pipe. It is closed at the 
bottom, but has an annular opening extending round its 
entire circumference by which the water can escape laterally, 
its direction being governed by a series of curved partitions 
or guides shown in the plan. The wheel, b h, surrounds this 
opening, turning on the pivot, c, below. Its buckets consist 
of a series of partitions curved in the reverse direction to 
the guides, so as to catch the water as it leaves the latter. 
After setting the wheel in motion the water makes its escape 
by the openings in its circumference in a direction at. right 
angles to its axis. TMs turbine is frequently worked under 
the surface of the escaping water, in order to utilize the 
entire available fall, and it has a contrivance by which the 
amount of water used can be adjusted to the power required 
of the turbine. This consists of a sliding portion of the 
cylinder, aa^ which can be raised or lowered from above, 
thus increasing or diminishing the aperture by which water 
is supplied to the wheel, h b. The vertical axis, d, rises 
through a tube in the cylinder, and communicates the motion 
of the wheel to suitable gearing. In other forms of turbine 
the central wheel is the' portion which revolves, the external 
fixed one merely serving to increase the reaction of the 
escaping water, while in others the water is supplied to the 
wheel at the circumference, or at the upper side. 

The turbine is considered the most economical form of 
prime motor yet devised, as it has been made to utilize from 
76 to 88 per cent of the power of the falling water, while, 
on account of the great speed at which they run, they are^ . 
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much smaller than water-wheels in proportion to their power. 
They are much more efficient motors than steam engines, the 
best of which do not utilize more than 25 to 30 per cent, of 
the energy represented by the coal they burn. 

Yarious experiments have been made upon the percussion 
of fluids with a view to ascertaining the impact from different 
heights and under various heads of pressure. The apparatus 
with which M. Bossut carried out his experiments is shown 
in ftg. 1, Plate IX. The beam, a b, working on the centre, o, 
was 3 feet 6 inches in length ; at one extremity was fixed a 
plate of copper, a, and at the other a scale, s. The water 
was delivered upon the copper plate from the adjutage, f q, 
fixed in the bottom of the reservoir, v x y z. Yarious forms 
of machines for raising water are shown in figs. 2 and 3, 
Plate IX., and 1, 2, 3, 4, 6, Plate X. The Persian water-raising 
wheel (fig. 2, Plate IX.) consists of a series of buckets, a a a, 
attached to one side of the wheel, o n e p, and hung on 
pivots, hhh^ so that by gravity they keep a vertical position 
during the revolution of the wheel. A catch, r, attached to 
each bucket tilts them successively over on reaching the 
upper part of the wheel, when the contents are discharged 
into the trough, n m, the buckets regaining their vertical 
position in the descent. Motion is given to the wheel by the 
floats fixed on the opposite side, and acted upon by the 
stream, a b. A pump for raising water by the friction of an 
endless rope in rapid motion is shown in fig. 3, Plate IX., 
the water being thrown off from the wheel by centrifugal 
force. Fig. 4 gives a form of self-acting water motor called 
the hydraulic pendulum, producing an intermittent oscillating 
motion. The two water pans, a o and o b, are attached to 
the arms of a lever working upon a central pivot. On the 
pan 0 B receiving a sufficient amount of water from the 
reservoir, m, to destroy the equilibrium, it descends to the 
level of the block stop, when it discharges its water, and re- 
mains in that position until the pan a o, in like manner by 
excess of weight, descends, and the pan o b is again in 
position. Two forms of screw pumps or lifts, the invention of 
which is attributed to Archimedes, are shown in figs. 1 and 2, 
Plate X., in one of which the screw, in the form of a spiral, 
revolves, the water entering at the lower orifice ; in the other, 
shown in section, a central screw-sliaft revolves in the interior 
of an inclined cylinder. In each case the principle is that of 
raising the water by a series of endless inclined planes step 
by step as the revolution of the axle forces the water up one 
thread of the screw. Fig. 3, Plate X., is another form of 
revolving pump (Wirtz Machine), invented by Wirtz, of 
Zurich. Here a large spoon or opening of the spiral takes in 
about equal quantities of air and water alternately, and the 
elasticity of the bodies of air which thus divide masses of 
water in the spiral, intensified by the compression occasioned 
by the latter, powerfully assists the onward passage of the 
water. The power used to turn the spiral first compresses 
the air which it contains, and the latter on expanding again 
drives forward the water. The chain bucket pump is shown 
in figs. 4 and 5, Plate X, The buckets, s s s, are carried round 
by the upper wheel, delivering their contents into a trough. 
This form of bucket lift is extensively employed in the con- 
struction of dredging machines for deepening harbours, the 
channels of rivers, and removal of sandbanks, &c. 

The resistances experienced by bodies of various forms and 
lengths when moving in water have formed the subject of 
numerous experiments carried out by Colonel Beaufoy. The 
following are some of the more important results : — 

The friction of bodies moving in water is equal to a power 
of the velocity whose exponent is 1'949. The pressure at 
the head-end varies in rather a higher ratio than the square 
of the velocity, when the velocity is small, and the exponent 
diminishes with an increase of velocity. The diminution of. 
jjressure on the stern of a vessel caused by the fluid not 
pressing so strongly there when it is in motion as when at 
rest, varies in a lower degree than the square of the velocity; 
and the exponent diminishes with an increase of velocity, 
A globe experiences about one-third of the resistance which 
is encountered by a cylinder, A globe cut in halves, and 
these separated by the intervention of a cylinder whose base 
and length are each equal to a diameter of the former, ex- 
periences a diminution of resistance which, compared with 


that of a complete globe, is nearly equal to one-fifth of the 
latter. Bodies whose head-ends are formed with curved lines 
have great advantage in respect of resistance over those 
formed with straight lines. The greatest breadth of a 
moving body should be at a distance from the head extremity 
equal to two-fifths of the body’s length, that the body may 
move through the water with the least resistance. Increasing 
the length of a solid of almost any form by the addition of a 
cylinder in the middle greatly diminishes the resistance with 
which it moves, provided the weight in water continues to 
be the same. By comparing the resistance of boffies near 
the smiace with those having similar head and stern ends, 
and which were immersed to the depth of 6 feet, those at the 
surface were found to experience more retardation than the 
others. 

OAPIELAEY ATTEAOTION. 

The mutual attraction of the molecules of liquids for each 
other, and the attraction between these molecules and solid 
bodies, give rise to the phenomena of capillary attraction^ 
The elevation of the general surface of a liquid where it is 
in contact with the containing vessel, the form of a drop of 
liquid suspended at the under side of a solid, the rise of oil 
up a lamp wick, the absorption of water into the pores of a 
cloth, the employment of blotting paper or the use of a 
towel for wiping any damp surface, are all instances of 
capillary attraction. When a glass rod is immersed in 
water, which adheres to and wets the rod, the surface of the 
water is raised up against the sides of the rod, and assumes 
a slightly concave form ; but if the rod is dipped into mer- 
cury, which does not adhere to the glass, the mercury is 
depressed against the sides of the rod, and its surface 
assumes a convex shape. This depression or elevation of 
the surface of a fluid is more defined when a tube of small 
diameter is placed in a liquid. According as the tubes are 
or are not moistened by the liquid an ascent or depression is 
produced at the sides of the 
tube, which is greater in pro- 
portion as the diameter of the 
tubes diminishes. The ascent 
is termed the concave menis- 
cus, the depression the convex 
meniscuSj as in annexed cut, 
where the dotted lines represent 
the level of surrounding fluid. 

In the same way, if two 
plates of glass approach each other in water, when the sur- 
faces are sufficiently close to one another the water will rise 
between them, and the closer the plates the greater the 
elevation, the surface of which will be concave. If the same 
experiment be made with mercury instead of ^vater, the mer- 
cury will be depressed betw^een the plates, but to a less degree, 
and the surface will be convex. The laws according to which a 
fluid rises or falls in a tube have been experimentally deter- 
mined, and are as follows:— -When a tube of dry glass is 
plunged in a vessel of water, the attraction of the glass does 
not extend beyond the depth of the very thin film of water 
which would adliere to the interior surface if the tube were 
dravm out ; for if the tube, previously moistened by such film, 
were plunged into water, the rise would be much less than in 
the other case; and, wliatever be the material of the tube so 
moistened, the elevation of the water in it is found to be the 
same. When cylindrical tubes of different diameters are 
compared, the elevation is inversely proportional to the 
diameter. If the interior of the tube be conical, the eleva- 
tion or depression in it is found to depend on the diameter 
at the upper part only of the elevation, and to be the same 
as in a cylindrical tube of that diameter. If the tube be 
double, one tube within another, the fluid rises to the same 
height in the interval between the two tubes as it would do 
in a tube with that interval for its radius. 

Between two parallel plates, immersed at a very small 
interval, the fluid rises as high as in a tube with that interval 
for its radius. Between two plates vertically placed, but 
inclined at a very small angle, the fluid rises higher and 
higher as it proceeds towards the upright line of junction; 
and the curve of the upper surface of the fluid is an hyper- 
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bola. The force exerted by capillary attraction is very great 
When dry wooden plugs are driven into holes drilled into 
rock, and water is then poured over the ends of the plugs, 
the capillary force draws the water into the pores of the 
wood, which swells and splits the rock. In the same way it 
is owing to the capillary force retaining water in a cloth 
that it is quite impossible to wring or squeeze it dry. The 
capillary force never causes a liquid to flow through a tube; 
it is from this cause that the oil in a lamp wick, when not 
burning, does not overflow the wick, though so long as the 
lamp is burning, and the oil is consumed, the supply is con- 
tinually rising up the wick. The most important law in 
connection with capillary attraction is known as JurirHs law, 
namely, that the height of the ascent of one and the same 
liquid in a capillary tube is inversely as the diameter of the 
tube. This la'vv does not, however, apply with equal accuracy 
to the depression of liquids in tubes. When a liquid moistens 
a capillary tube, a very thin layer of the liquid is formed 
against the sides, and adheres even when the liquid sinks in 
the tube; the rise of the liquid in the tube therefore takes 
place inside a central tube of the same physical nature as 
itself, and this rise is consequently an act of cohesion. It is 
from this circumstance that the nature of the sides of the 
capillary tube is without influence on the height of the 
ascent, which has therefore simply reference to the diameter 
of the tube. With liquids that do not moisten the material of 
the tube, the capillary action is directly between the sides 
of the tube and the liquid; and as the nature and structure of 
the sides are never altogether homogeneous, and there is like- 
wise always a thin layer of air on the inside which is not 
absorbed by the fluid, these two causes counteract to a certain 
extent the law of Jurin as regards the depression of fluids. 
When the surface of the liquid within a narrow tube, in 
contact with the air on both sides of the tube, is concave, it 
is evident that the pressure of the air immediately below the 
surface is less than the atmospheric pressure by a force due 
to the concavity of the surface, and that the pressure will go 
on increasing till at a depth corresponding to the mean level 
of the external liquid it becomes equal to the atmospheric 
pressure. When the surface is convex the pressure im- 
mediately below the surface of the liquid in the tube is greater 
than the atmospheric pressure by a force in proportion to the 
difference of the mean level of the liquid inside and outside 
of the tube; so that, wuth a concave meniscus, the force due 
to the surface tension acts in a direction opposite to gravity, 
lessening its effect, and with a convex meniscus the force 
due to the surface tension increases gravity. 

The attractions and repulsions of bodies floating upon the 
surface of a liquid are due to the action of capillarity, and 
the laws by wliich this phenomena are governed may be 
stated as follows: — If two balls of any substance, as cork or ' 
pith, which are capable of being moistened by the liquid, are 
placed so near to each other that the surface of the liquid 
between them is raised, then attraction takes place and they 
are drawn together, and the same effect is produced when the 
balls are not moistened, as when two balls of wax are em- 
ployed; but if one ball is moistened and the other remains 
dry, then when the curved surfaces of the liquid intersect 
they repel one another. When minute solid bodies heavier 
than water float upon its surface, it is because the bodies are 
not wetted by the water, and the amount of liquid displaced 
by the capillary depression around them is equal in weight 
to that of the body. It is from this cause that some insects 
can walk on the surface of the water, and that steel needles 
carefully placed will float if their surfaces in contact remain 
dry. The cause of the curvature of the surface of liquids in 
contact with solids depends upon the relation between the 
attraction of the solid for the liquid, and of the mutual 
attraction between the particles of the liquid; and as each 
molecule of the liquid in contact with the solid is acted upon 
by gravity, by the attraction of the liquid, and by the attrac- 
tion of the body, according to the relative intensity of these 
forces, their resultant at the surface of the liquid adjacent to 
the body will determine whether it be either horizontal, con- 
cave, or convex. 

The tendency of all fluids is to assume a spherical form. 
Rain in falling from the clouds assumes the form of spherical 


drops. Molten lead subdivided by passing through a fine 
sieve, in dropping from a height assumes a globular shape; 
upon this principle the shot tower is constructed and shot is 
made. Olive oil poured gently into a mixture of three parts 
of alcohol to one part of water, giving a mixture the density 
of the olive oil, will be found to remain suspended in the 
mixture in the form of a sphere, the specific gravity of the 
two liquids being equal. Quicksilver scattered over a smooth 
surface of wood or glass will subdivide itself into minute 
spheres. The ordinary soap bubble blown from a solution 
formed of soap and glycerine illustrates the nature of the 
forces which act on a fluid surface. When the bubble is dis- 
tended by the pressure of the air blown in by the mouth 
through a tube, the force expended is stored up in the film of 
the bubble, as upon removing the pressure the bubble will 
immediately contract and drive the contained air out of the 
bubble through the tube. Therefore, when two fluids which 
do not combine are in contact with each other, the surface 
separating them is in a state of tension, and the surface 
particles approach one another. This surface tension resides 
in the thin film separating the fluids, and does not extend to 
any appreciable depth below the surface, and arises from the 
particles in the interior of the fluid being subjected to equal 
forces on all sides, while those on the surface are under the 
influence of different molecular attractions, which result in 
the contraction of the boundary surface. To this action is 
due the spherical form of the drop and that of the soap 
bubble. So that between any two liquids that do not mix, or 
between a solid and a fluid of any kind, there is a definite 
surface tension, the value of which for a unit length is called 
the coefficient of superficial tension or capillarity; and tins 
surface tension is found to be greatly influenced by the tem- 
perature of both media, decreasing as the temperature rises, 
and disappearing altogether when the temperature is no 
longer definite between the two media. At a temperature of 
20® C. the tension of a surface of water in contact with air is 
81, between mercury and air 540, alcohol 25*5, and of olive 
oil 36*9 units of force. 

The free surface of a liquid, such as water, in contact with 
air, has greater cohesion than any layer of the liquid below 
the surface, for every particle at the surface is attracted by 
the adjacent particles in all directions except in the direction 
above the surface. The lateral attractions compensate each 
other, but as there is no attraction above the surface to coun- 
teract the attraction from below, the latter will exercise a 
considerable pull towards the interior, so that the mobility of 
the surface particles will be less than the mobility of the 
particles of the liquid below the surface. This surface tension 
is greater as the cohesion between the particles of the liquid 
is greater. 

niiPusiON. 

When the surfaces of two liquids of different densities 
capable of permanent admixture are placed in contact with 
each other in the same vessel, they gradually become inter- 
mixed and combined notwithstanding their different specific 
gravmes. This process is termed diffusion. If a cylindrical 
glass vessel be filled about two-thirds its height with a solu- 
tion of litmus, and then by means of a long tube and funnel, 
hydric-sulpliate be very carefully introduced into the lower 
part of the jar, the acid after a time will be found to have 
diffused itself through the litmus by the red change of colour 
the solution has acquired. In the same way, if alcohol be 
carefully placed upon the surface of water in a vessel, the 
two will after a time be found to be intermixed by diffusion. 
The results of experiments upon the difliision of liquids show 
that when solutions of the same liquid, but of different 
strengths, are taken, the quantities diffused in equal times 
are proportional to tire strengths of the solutions; thus, taking 
four different solutions of common salt containing 1, 2, 3, 4 
parts to 100 parts of water, the quantities diffused in a given 
time were found to be closely in the proportion of 1, 2, 3, 4. 
The quantity of salt diflused in equal times was found to 
increase with the temperature; with a 4 per cent, solution, 
and with a rise of temperature of 15° C., the diffusion in- 
creased over one-third. When the solutions employed con- 
tained equal weights of different substances, the quantities 
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diffused varied vrith the nature of the substance. If a solu- 
tion be taken of two different salts which do not combine, 
each will follow its own rate of diffusion. A method is there- 
fore supplied for their separation to a certain extent from 
each other. If a mixed solution of two corresponding salts 
of potash and soda be placed in a phial, and carefully im- 
mersed in a jar of water, the potash salt, being more diffusive 
than the soda salt, will escape into the water outside the 
phial, while the soda salt will remain relatively concentrated 
in the pliial. TMs process of separating bodies based on 
their unequal diffusibiiity is called dialym^ and is found to 
be of great value in laboratories and for pharmaceutical pur- 
poses. The approximate time of the diffusion of equal 
mixtures of different substances, taking hydric chloride as 
unity, is as follows: — 


Hydric chloride, 1 

Sodic chloride (common salt), 2’33 

Cane sugar, *1 

Magnesic sulphate, 7 

Albumen, . 49 

Caramel, 98 


gradually to rise in the tube to a height, r, which may be 
several inches. At the same time the level of the external 
water is lowered. The external liquid has therefore passed 
through the membrane and mixed with the internal liquid, 
while at same time another portion of the latter has passed 
outward. The flow of the liquid toward that which increases 
in volume is termed endosmose, and the current in the 
opposite direction is exosmose. The height of the ascent in 
the endosmometer varies with different liquids. In general 
it may he said that endosmose takes place towards the 
denser liquid, though alcohol and ether behave in this 
respect as if denser than water. It is by the action of 
exosmose that the transmission of fluids takes place through 
the tissues of plants. The parts of vegetables may be 
highly charged with fluid by placing them in water, and 
may he depleted again by simply placing them in a fluid of 
greater density than the water they contain, the cell walls 
of their structure being the diaphragms through which the 
exosmose action is carried on and maintained. 


LOGIC.— CHAPTER V. 




Hydric chloride was found to be the most diffusible, and 
albumen one of the least diffusible. Comparing common 
salt with sugar-candy and albumen, it was found that with 
solution of 20 parts of the solid substance in 100 parts of 
water, exposed for eight days at a temperature of 16® C., the 
specific gravity of the diffused solutions were respectively 
1*126, 1*070, and 1*053. 

Examining the different diffusibiiity of various substances, 
Graham has divided all bodies into two classes, those which are 
incapable of assuming a crystalline form and which diffuse 
very slowly in water, but which are capable of forming a 
medium like water, and which are distinguished by the 
sluggishness of the molecules composing them. To this 
class belong starch, gum, hydrated alumina, albumen, gelatin, 
dextrin, and many organic compounds. These bodies he 
calls colloids^ and their solutions arrest the passage of other 
colloids; but through them other substances susceptible of 
crystallization, which he calls are capable of 

diffusion, CoUoids are generally bodies of high atomic 
weight, and it is probably owing to the larger size of their 
molecules that the difficulty of their 
passing through minute apertures 
arises. Crystalloids, on the other 
hand, diffuse rapidly through water 
and through a porous diaphragm 
formed of some insoluble colloid. 
This may be demonstrated experi- 
mentally by taldng a piece of well- 
sized paper free from porosity. Let 
the paper ’be thoroughly wetted on 
both sides, and laid upon the surface 
of some water contained in a vessel, 
tiie opening of which is smaller than 
t!ie paper. Depress the paper with 
the finger, so as to produce a small 
cavity^ and place within the depres- 
sion a mixed solution of cane-sugar 
and gum-arabic, about 5 per cent, 
of each. After a lapse of some twenty 
hours the water will be found to 
contain about three-fourths of the 
sugar, which will have passed through 
the paper, and the gum will be left 
behind. 

One result of the phenomena of 
diffusion is the interchange of liqtiids 
through porous diaphragms. These 
phenomena are shown by means of 
the endosmometer (see cut). This 
is a long tube, aa^ ending in a 
bottomless flask, 5, the bottom 
of which is closed by a piece of membrane such as 
bladder. The flask is filled with a liquid denser than water, 
such as syrup, and is immersed in pure water so that both 
solariotws coincide in hdght at The Uquid .fe foupd 



OEITEEIA OF TRUTH — FORMATIVE LAWS OF THOUGHT — 
PEINCIPLES OF INFERENCE — REGULATIVE LAWS OF 
THOUGHT. 

Logic mainly deals with mediate reasoning, and does not 
largely employ its eflbrts on immediate inferences. There 
are facts in thought which all logicians must accept and can- 
not explain. Men cannot reason without assuming that 
thought is an efficient power in the discovery of truth. Some 
immediate impression must be made before any mediate one 
can be recognized. We cannot prove every tiling, or tlie 
linked chain of human reasonings would stretch backward in 
an infinity of retrogressive eflbrts to get at the first link, and 
even when we had got that length — supposing, for the 
moment, that it were possible — we should still require to 
investigate the origin and qualities of the matter of this 
earliest thought, the ground and law of the determination 
upon the point at which thought iiad first arrived, and the 
reality of the fitness of mind thus, in its primeval and untried 
state, to decide definitely and trustworthiiy on the topic 
originally demanding the active exercise of thought. The 
mind must begin somewhere and with something. Logic 
assumes the power of thought stimulated into, and possessed 
of, experience. Experiences might play throughout the 
imiverse for ever as a wild mass of possibilities if there were 
no conscious minds in existence to receive, be impressed by, 
and exercised upon them. And mind might revolve in an 
eternal whirl of unadvancing syllogistic revolution were there 
no matter furnished to thought, by experience, on which it 
could proceed to work. If mind be consciously known to 
operate in the production of thought, and if thought is really 
produced, it is self-evident that there are in evolutionary 
activity (1) a power of thinking, and (2) something which 
may be thought about. Thought is a self-evidencing power. 
We cannot get beyond and behind the intuition of it — the 
primary immediateness of our experience of a capacity to 
think made undoubtedly manifest to us in some actual opera- 
tion of tlunking going on within us, and so revealed to us in 
such an act. But, if we do think, we must think on or of 
something, and must realize more or less distinctly the differ- 
ence between the act of thinking and the object upon which 
that act was known to operate — in other words, expmence 
realizes, along with itself, intelligence. Consciousness is the 
awakened perception in the intellect of its own existence in 
the act of knowing experience. Therein the implicit becomes 
explicit 

TMs fact legitimates immediate self-evidence as a real 
(and possibly valid) source of truth. But though undeniably 
real, the conditions and requirements of reasoned truth make 
it requisite for a thinker to know not only (1) that a per- 
ception is self-evident, hut also (2) why it is self-evident, and 
(3) to wJiat precise extent it is so. It is not enough to say 
to the critical analyst of thought that a perception is seen at 
once by the contemplative mind; it must be shown to he (1)' 
Incapable of resolution into mediate elements, (2) to^^be free 
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from admixture of imagination, and (3) to be presented, not 
represented, to the mind. Whatever it demands acceptance 
for must therefore be a minimized ultimate in experience, 
unable to be reduced to lower elements, and really a first 
truth — a primary mental fact in apprehension. This imme- 
diately perceived experience supplies the most convincing of 
all truths, provided it undergoes the tests of an unsparing 
logical criticism as to its distinct and absolute immediacy. 
Our ideas of existence, space, number, personality, come to 
us with more or less self-evidencing power. 

Again, if intellect is incited to apprehensiveness by experi- 
ence, that experience originates in us the sense of the fact of 
necessity. It is impossible for us to think away any realty 
valid self-evident perception. It is a necessity of the per- 
ceptive mind to take it in and to acknowledge it. Many 
logicians regard this felt necessity of belief in a perception as 
the most potent and essential test of the truth of a percep- 
tion. Is it conceivable, they say, to think it away ? If so, it 
is not necessary to believe it. That is a vague and vagrant 
criterion of experiences as facts. It may prevent us from 
accepting any other perception as essential and true; but 
does not, of itself, compel acceptance of it as a necessity of 
thought unless it first and really impress us with the idea of 
irresistibility. But this idea of irresistibility, this affirma- 
tiveness of experience, may be tested (1) as to its self -evidence, 
and (2) as to the inconceivability of its being other than it 
presents (or has presented) itself to the mind. The think- 
able is the possible, the unthinkable is the impossible (to us). 
Tiiat which has so self-evidently impressed itself on us that 
we cannot untliink it, erase it from our minds, regard it as 
non-existent and unreal, is the necessary. We cannot but 
consider perception, consciousness, and the existence of im- 
pressions made on tliem as real necessities of thought. We 
must think what comes to us by expeiience; but we require 
to make ourselves sure (1) that it actually is experience, (2) 
that it is no other thing than experience, and (3) that it is 
clearly and distinctly an ultimate and presented, not a repre- 
sented, experience. 

Self-evidence is 2 i> perceptive, necessity is an intellective, test. 
We cannot dislodge these from our individual mental nature. 
Truth, however, as that which may be trusted in, cannot be ! 
individual and singular. It can only register among its 
possessions those ideas on which there is (or may be when I 
properly considered) a general or practicalmtellectual 
agreement among men. This is the communis se7isus — ^not 
so much the common sense of the pliilosophers as the general 
assent of mankind — on which men rely when they generalize 
experience and formulate it into truths. It implies that 
there is a general average of powers in men, and that these, 
when exercised upon the same sort of objects, in as, nearly as 
may be the same sort of way, result in communicating the 
same, or at least very similar impressions — impressions which, 
among the complexities of experienced thought, may be 
traced as, on the whole, self-same in their results. This 
induction from the experience of all men as to the revelations 
of the senses and human faith in their perceptions; as to the 
processes of the activities of mind and man's conviction that 
what they spontaneously do under the stimulus of presenta- 
tive knowledge affords a trustworthy foundation and ground 
for representative knowledge; as to the capacities of the mind 
and the general selfsameness of the operations in which 
they engage while active in perception, reflection, and reason- 
ing — we accept as determinate testimony to the series of 
truths which men accept as true, and upon which they act 
unanimously in common. These universally received original 
and primary truths, with reliance upon which all men act 
and expect all other men to act, are quite rightly considered 
by logicians as immediate apprehensions, not adventitious 
but native, from which, as sources, derivative truths may be 
received and deduced — positive determinations of the intelli- 
gence, to act in opposition to which would be unwise and 
unsafe. They are accepted as realities free from the con- 
tingencies of custom, fashion, or metaphysical inventiveness, 
and such as normally arise into consciousness so soon as the 
capacities of human thought are operated upon by the ca- 
pacities of things without — ^at once innate, as resident in 
aaad essential cliaracteristics of the mind: and cowmte, as 


being made manifest by the co-operation ot mind and matter* 
We possess faculties, powers capable of efficient operation. 
How we came into possession of them we cannot trace, nay, 
what are the earliest moments and methods of their activity 
we cannot indubitably discover, however painstaking oar 
analysis may be. But that mental discernment exists in 
man, as a special primary normal endowment, we never 
doubt, and that when similar objects are presented to or 
impress their efficiencies on this power of intuition or mental 
beholding, all men’s minds agree in their perception of them, 
and gain from them very similar original suggestions. We 
distinguish readily enough, after experience and investiga- 
tion, that there is a truth that is — a truth of transitory and 
passing fact, as, ^‘I see that man’s shadow on the grass;” 
a truth that must he — a truth of which no doubt can enter a 
sane mind, as, Two straight lines cannot inclose a space 
and a truth that may he, as, “ All men ought to he equal in 
the eye of the law.” Our perception of self as a something 
consciously existing may be due to muscular structure im- 
pressed by resisting force, and leading to our apprehension 
simultaneously or immediately of something other than self, 
an outer world; our sympathies may have their origin in our 
instincts, but they imply that we have come to know others 
as distinct from (though very similar to) ourselves; our senti- 
ments may be the results of our sympathies, but they are so 
because we perceive a general tendency in others to feelings 
similar to our own — a brotherhood of nature, emotion, and 
thought. In the same way we realize specific informants of 
each sense, and unite our perceptions of them into conceptions 
such as we feel sure all men will realize from them on their being 
similarly excited. Thus music is composed to gratify the 
ear, pictures are painted to satisfy the eye, poetry is written 
to stir the emotions, goods are prepared for the market, 
because we have a conviction of the general selfsameness — 
the common sense — of men. It does not foUow, however, 
that we are to receive the single, separate, and individual 
impressions made on our minds as truths possessed of the 
highest possible certainty — as those of which we should seek 
no further verification. Experience and information, as they 
extend their range, always bring us in newer, fresher, and 
more thorough means of confirmation, as well as encourage- 
ments to fuller faith in,’' and more intelligent reliance on, 
those cognitions, beliefs, and judgments which are excited 
in us on the earliest awakening of the mind to personal 
consciousness and activity. 

Logic teaches us to test every idea which presents itself 
to us, claiming our acceptance as tru£. Without being 
cautioned to constant wakefulness of mind, we might by 
mere indolent passivity of reception, or by the ready opera- 
tions of prejudice, accept as true what ought to be called 
upon to produce verified credentials, and which might be 
found to have really none to produce. Associations work 
together, and interweave facts and feincies in our minds; a 
lengthened and habitual thinking of things in union tends 
to make us regard them as indissolubly bound together, and 
to take things which are really complex as exceedingly 
simple facts. For instance, it seems to us the most easy 
and natural tiling in the world to indicate multiplication by 
ten by placing a zero after a cypher (as, 2 : 20, 200), but the 
history of arithmetical notation shows us that what appears 
the easiest of all processes was only arrived at after a long- 
continued endeavour to acquire some means of organizing 
numbers in a compact and available method. So do we also 
i think the simplest and plainest of all perceptive revelations 
are those which we receive through sight ; distance, colour, 
form, light, shade, pleasure, and knowledge are all so wedded 
together into an associated unity, that when we say we see, 
we imply all these in one, though we know tiiat they can by 
analysis be resolved into distinct elements. 

We require to learn to distinguish the primary truths of 
intelligence from the contingent truths of fact — sdence, the 
laws of things, from history — the facts of experience. We. 
reason, as a natural function of intelligence; but logic proceeds 
to teach us to analyze the process of reasoning, that we may 
attain a knowledge of the general principles wfiich guarantee 
the cogency of reason; that we may be able to distinguish 
and discriminate immediate from mediate inference, demon- 
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strative from probable reasoning, and indicative from deduc- 
tive investigation; as well as have distinctly and consciously 
before our minds, when they are required for guidance, the 
laws, the principles, the axioms, and the maxims of discursive 
thought. Perception is the mirror of the impressions made 
on mind by the outer world, and intuition is the impression 
of ideation received from the impressions so made. When 
we know this impression as the representation of a presenta- 
tion we have a notion. Notions come to us in a complex 
casual form, unassorted and without their relations one to 
another being precisely noted. Hence judgment is called 
into exercise to determine these relations and to place them 
in propositions before the mind, so that by inferences fairly 
formed they may have a place assigned to them in the system 
of syllogized or reasoned-out thought. 

Inference is derivative. To syllogize is to gather together 
and place in proper order those premises or primary proposi- 
tions out of which further knowledge may be gained. As a 
preliminary to syllogizing, the logician commends the critical 
investigation of every term and proposition, so as to make 
sure that the ultimate ground of each proposition rests upon 
some self-evident, necessary, or universally accepted presen- 
tation of truth or fact, or may be traced up to these. It places 
the following preliminary principles before us as the basis of 
reasoning:— (1) Everything is what it is — not what it appears 
to be, but what it proves to be. The mind must be able to 
receive impressions which are true to it, and may be accepted 
by it as certain. We have only five senses, and of course 
we do not know so completely all the inner essences of things 
now as we might if we had fifty; but, so far as our powers 
reach, we must accept our properly observed and analyzed 
conceptions as true in their contents. (2) Wliat is not is not 
wlmt is, or what is is not what it is not — there can be no 
real contradictions in thought accepted by thought as true. 
Belief in, and acceptance of, contradictions are absurdities 
which common sense rejects and logic repudiates. (3) All 
true thought is self-consistent; when therefore we accept one 
thought we must reject its contradictory. (4) No idea can 
(or at least should) be entertained in the mind without suffi- 
cient reason for its acceptance, and for determining that it is 
what it is, and what are its relations; in other words, every 
idea must have a sufficient reason for our belief in it as a 
genuine effect of a real cause. 


GHEMISTKY.— CHAPTER VII. 

EAETHS — ALUMINIUM — SILICON — BERYLLIUM OR OLU- 

CINUM — ZIRCONIUM — THORINUM — YTTRIUM — CALCIUM 

BARIUM — STRONTIUM — MAGNESIUM. 

The greater portion of the earth^s crust is mainly composed 
of eight elements, which form the rocks of various degrees of 
harffiiess, closeness of texture, and aspect; and these rocky 
materials are often found becoming disintegrated and moulder- 
ing into small particles. The process of mouldering produces 
no change, further than breaking down the cohesion of the 
rock; for the loose powdery matter at the foot of the rocky 
mountain is found to contain precisely the same ingredients 
as^ the rocks from which it was produced. This debris con- 
stitutes earthy and in process of time, becoming mixed with 
organic matters, forms soil. As different rocks are composed 
of different materials, the earthy products which result from 
their disintegration differ also in the nature of their ingredients. 

Pipeclay is a familiar substance, and the sapphnre is well 
known — a gem of various colours, and second, in point of 
value, only to the diamond. These substances are very dis- 
similar, and both seem to differ essentially from common 
roofing slate; yet the sapphire is almost a pure specimen of 
that peculiar kind of earth, alumina^ which constitutes the 
chief in^edient of pipeclay and roofing slate, and which 
indeed gives plasticity to afi clays, whether existing in soil 
or dug from the kaolin pit to form translucent cMna. It 
has obtained this name in consequence of its being the basis 
of alum, from which it is easily procured in a state of purity. 
To exhibit it in this state it is only necessary to make two 
solutions — ^one of alum and the other of potash — ^and to pour 
the one solution into the other. Thus a bulky white pre- 


cipitate is obtained, which is alumina in a state very nearly 
pure. This white precipitate presents no apparent analogy 
to Oriental ruby (red sapphire), which is the purest specimen 
of alumina that mineral nature affords. In the gem the 
earth is crystallized, and derives its beautiful and much- 
valued colour from a very minute admixture of iron — not 
more than 1 per cent. 

Aluminium (A1; atomic weight, 27’4; specific gravity, 2*6). 
— This metal occurs in large quantities combined with silicon 
and oxygen in felspar, and all the older rocks. Metallic 
aluminium is obtained bypassing the vapour of aluminium 
chloride over metallic sodium. It is now manufactured on a 
large scale both in England and France, and from its light- 
ness and its bright silver lustre is largely used for the metallic 
portions of optical instruments. The alloy of aluminium with 
copper is remarkable for being similar in appearance to gold. 

Alumina (AL2O3; specific gravity, 3‘9) is the only oxide 
of aluminium known, and is largely used in dyeing and calico 
printing as a mordant, as it forms insoluble compounds called 
lakes with vegetable colouring matter, and renders the colour 
permanent by fixing it in the pores of the fabric ; such 
colours are termed /as#. 

Another very plentiful earth, which, like alumina, is abun- 
dantly diffused throughout nature, is that which composes 
Jiint The Latin name for this mineral is silessy and hence 
the earth of wliich it is constituted has obtained the name of 
silica. It is found in almost all solid mineral substances, 
and forms a large portion of the bulk of those rocks which 
compose the solid parts of our globe and the sand which lies 
valueless on our shores. Among geologists it takes the name 
of quartZy in its common crystalline state; and when these 
crystals are large, pure, and well defined, the mineral is 
i known as rock crystal It is the main constituent of various 
gems. Amethyst, catis-eye, onyx, and sardonyx are all 
nearly pure silica, coloured by some metallic oxide; and the 
much- valued gem called ^‘precious opal” consists of nothing 
more than nine parts of this earth combined with one part 
of water. The stone called “hydrophane” is a more curious 
specimen of it. This stone is opaque till plunged into water, 
when it becomes one-half heavier and transparent like glass. 

Silica differs essentially from alumina, yet both are fre- 
quently found associated together in the same mineral Thus 
porcelain clay contains nearly equal parts of these earths; 
and, uniting with the oxides of iron, they form the reddle, or 
red ochre, of Staffordshire and Derbyshire. Fuller’s earth, 
and the hard stone called agate, are also constituted of 
alumina and silica, and together they form the main part 
of all soils. In making earthenware a due proportion of both 
these earths is requisite; for, were alumina alone used, the 
ware could not be sufficiently burned without shrinking too 
much, and even cracking, and a great excess of silica would 
lessen the tenacity and render the ware brittle. 

Silica is the chief ingredient in glass, and indeed of all 
vitreous substances. It is infusible alone; but, when inti- 
mately mixed with potash or soda, it may readily be fused, 
and if no other ingredient be added, the glass which is formed 
wiU have the property of being soluble in water. Flint glass 
is rendered insoluble by admixture of oxide of lead, and 
crown and common window-glass by lime. Common bottle- 
glass differs from the first of these in containing no lead, 
from the last in containing some iron, and from both in being 
formed of very impure materials— as common red sand and 
soap-boilers’ waste ashes. Artificial gems, or pastesy are 
similarly formed, by fusing silica vvith soda, and adding some 
metallic oxide, to give the required colour. 

Silicon (Si; atomic weight, 28), next to oxygen, is the 
most abundant element known. It does not occur in the 
free state, but always combined with oxygen to form silicon 
dioxide or silica. Silicon also occurs combined with metals 
and oxygen, forming metallic silicates, and these form the 
greater part of almost aU known rocks, especially the primary 
rocks. 

Silicon dioxide or silica (Si02; atomic weight, 59*92) is 
the only known oxide of silicon. Amorphous silica occurs in 
nature as opal Flint, agate, and chalcedony are mixtures 
of amorphous silica with quartz. Silica is infusible except 
at the highest temperature of the oxyhydrogen blowpipe, 
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when it melts to a colourless globule, and it cannot be 
vapourized at any known temperature. 

Silica and alumina are frequently associated together, often 
indeed forming gems of great beauty, as the garnet, the 
Brazilian topaz, and the precious emerald, of which the 
beryl is a species. These last are not, however, composed 
entirely of sflica and alumina, but contain also another earth, 
to which chemists have given the name glucina (from a 
Greek word, glukus, sweet), on account of its property of 
forming, with other substances, combinations which have a 
sweet taste. It is, however, unlike the two earths with 
which it is associated in the emerald and beryl, a very scarce 
substance; it occurs, indeed, only in another very rare sub- 
species of the emerald, found in Peru and Brazil, and known 
to mineralogists under the name oi mclase, 

Bebyllium or Gluoinum (Be; atomic weight, 9*3; specific 
gravity, 2 * 1 ). — This rare metal occurs as a silicate, either 
alone, as in phenaeite, or associated with other silicates, as in 
beryl, emerald, &c. Metallic beryllium is obtained by passing 
the vapour of the chloride over melted sodium. It is a white 
metal, which may be hammered and rolled into sheets like 
gold; its melting point is below that of silver. It does not 
decompose water at the boiling heat. Hydrocliloric and 
sulphuric acids dissolve it with evolution of hydrogen. It 
forms a monoxide (BeO), and a series of soluble, colourless 
salts which have a sweetish taste. 

The gem called zircon (a species of the hyacinth), found 
especially in Ceylon, affords another rare earth, wMch has 
been named zirconia, in commemoration of the source 
whence it was first obtained. It is associated in zircon and 
hyacinth with silica, and is distinguished from alumina and 
glucina by the character of the compounds which it forms. 

ZiBcoNiuM (Zr; atomic weight, 89*6).~~This rare metal is 
intermediate in many of its properties between aluminium 
and silicon. Its oxide, zirconia, was first obtained from 
zircon by Klaproth in 1789. Zirconium, like silicon, is 
capable of existing in the amorphous, crystalline, and graphit- 
oidal states. Crystalline zirconium forms very hard brittle 
scales, resembling antimony in colour and lustre; it burns in 
the air only at the heat of the oxyhydrogen blowpipe, but 
takes fire at a red heat in chlorine gas. 

Thobinum (Th. ; atomic weight, 231*6 ; specific gravity, 
9*4). — Another of these scarce earths has been obtained from 
a Norwegian mineral named thorite. This is also a compound 
of silica with its new associate, wliich lias been named thorina, 
after the mineral which affords it. Like those earths already 
noticed, it is white, but exceeds them all in weight — its 
specific gravity being as much as 9*4, which is considerably 
greater than that of iron, 7*8, or even copper, 8*9. 

Another distinct earth has been obtained from a rare stone 
found at Ytterby in Sweden, and hence called yttria. It 
resembles glucina in the property of forming combinations 
which have a sweetish taste ; but most of them are distin- 
guishable by a pale rose colour. 

Yttbium (Y ; atomic weight, 89*6) and Ebbium (Eb; atomic 
weight, 166*0), — These metals exist as silicates. 
does not melt at the strongest white heat, but aggregates to 
a spongy mass, glowing with an intense green fight, which, 
when examined by the spectroscope, exhibits a continuous 
spectrum, intersected by a number of bright bands. Yttria 
(Y 2 O 3 ) is a soft, nearly white powder, which, when ignited, 
glows with a pure white light, and yields a spectrum not con- 
taining any bright bands, like that of erbia. 

Marble is a well-known substance. Its whiteness in some 
specimens, and its beautifully variegated hues in others, 
together with its high lustre when polished, have introduced 
it as an admirable material for sculpture and ornamental 
architecture. It is found of every variety and mixture of 
colour, from pure white to pure black. The purer specimens 
are highly valued; yet they are all nearly the same in chemi- 
cal constitution, and differ in nothing except in their crystal- 
line texture from common limestone and chalk — of which 
whole mountains exist in some parts of the world. 

The earth of which limestone is composed is never found 
pure in nature, but is readily procured in that state by sub- 
jecting a piece of chalk to a white heat. The process of 
lime-burning has long been common in most parts of the 


world. The limestone is broken small and stratified with 
fuel in a kiln: this is set on fire, and heats the stone red-hot. 
During the burning the stone becomes nearly one-half lighter, 
and its properties are totally changed. It is now quicklime. 
Formerly it might be placed in water without undergoing any 
change; but if water be now poured upon it, it is immediately 
absorbed, and the lime appears as dry as ever. In some time, 
however, it grows hot, swells, bursts, discharges steam, and 
falls to powder. This powder is called slaked lime, and 
weighs one-fourth more than the quicklime from which it was 
formed. Exactly the same phenomena are exhibited, whether 
the material used be common limestone, chalk, white, black, 
or variegated marble, transparent Iceland spar, oyster shells, 
or coral — all these are composed of the same substance, with 
a slight difference only in purity. 

Quicklime is the earth of limestone-— it is lime^ properly so 
called. In transparent Iceland spar, which is pure crystal- 
lized limestone, it is found combined with carbonic acid (the 
gas which constitutes choke-damp), in the proportion of 28 
fime to 22 acid. Black marble is limestone combined with 
a small portion of bituminous matter. In gypsum and ala- 
baster it is combined with sulphuric acid (vitriol) and water. 
By burning gypsum to drive off the water in it the substance 
forms plaster-of-Paris, so much employed in making easts. 
Animal bones are also mainly composed of lime in combination 
with phosphorus and carbonic acid. Combined with another 
substance called fluorine, lime constitutes Derbyshire spar. 

Perhaps none of the earths are used for so many purposes 
in the arts as lime. In making mortar for building it is 
indispensable. For this purpose it is mixed with sand (silica), 
for which it has a great attraction, and without which the 
mortar never hardens. When the ingredients are mixed in 
the proper proportions the lime gradually absorbs carbonic 
acid from the atmosphere; and this, in a series of years, 
passes again to the state of unburnt limestone. By the 
tanner lime is used to dissolve the gelatinous part of the 
skin, and to facilitate the removal of the hair. In sugar- 
refiming it is employed to free the sugar of an acid which 
prevents its crystallimtion; and by the soap-boiler to deprive 
his solutions of carbonic acid, which hinders the tallow and 
alkali from combining. 

The agriculturist uses fime extensively as a manure, and 
the manufacturing chemist combines it with chlorine to form 
bleaching-powder. In the manufacture of iron it is used 
as a flux, although it is alone infusible; and the apothecary 
dissolves it in water for medicinal purposes. 

There are two minerals, very different from limestones 
and from each other, and which are very commonly found 
associated with carbonic acid; but when burned, they afford 
earths which agree with lime in the property of swelling and 
becoming hot when cold water is poured upon them. Like 
lime, they undergo the process of slaking. These minerals 
are named by chemists carbonate of baryta and carbonate 
of strontia; and by mineralogists barolite and strontites. 
From these names the earths are called baryta and strontia. 

Caboium (Ca; atomic weight, 39*9; specific gravity, 1*68) 
is one of the most abundant and widely diffused of the 
metals, though it is never found in the free state. As 
carbonate it occurs in a great variety of forms. Calcium 
is a light yellow metal, and it is nearly as hard as gold, 
very ductile, and may be hammered out in exceedingly thin 
sheets. It tarnishes slowly in dry air, and decomposes water 
rapidly. It burns with a bright flash of fight. 

Calcium monoxide or fime (CaO). Pure fime is white, 
and frequently of great hardness. When moistened with 
water it slakes violently, evolving heat, and crumbling to a 
soft white powder called calcium hydroxide, or slaked lime 
(Ca 0 H 20 ). Lime-water is prepared by agitating cold water 
with excess of calcium hydroxide, in a closely stoppered 
vessel, and after subsidence pouring off the clear liquor. 
The hardening of mortars and cements is greatly due to the 
gradual absorption of carbonic acid. Hydraulic mortars 
wMch harden under water are prepared by carefully heating 
an impure lime containing clay and silica; a compound silicate 
of fime and alumina is formed on moistening the powder, 
which then solidifies and is unacted upon by water. When 
fime is used in agriculture, its action is twofold; destroying 
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the excess of vegetable fibre and matter contained in the 
soil, and also liberating the potash for the use of the plants 
from the heavy clay soils by decomposing the silicate. 

Calcium carbonate, or carbonate of lime (CaGOs), occurs in 
widely different forms, as chalk, limestone, coral, and marble; 
many of these vast deposits being made up of the minute re- 
mains of microscopic sea animals. Carbonate of lime is almost 
insoluble in pure water, but readily dissolves when the water 
contains carbonic acid, forming then what is termed hard 
water. When hard water is boiled it deposits a crust of 
calcium carbonate, owing to the escape of the carbonic acid. 
If air from the lungs is blown through clear lime-water a 
white precipitate of carbonate of lime takes place owing to 
the carbon dioxide in the breath. 

Calcium chloride (OaCIa) is a soluble salt formed by 
dissolving limestone or marble in hydrochloric acid. When 
the solution is evaporated, colourless needle-shaped crystals 
of the hydrated chloride are formed. When these are dried 
the mass still retains 2 HaO, and takes up moisture with 
great avidity. It is greatly used, when strongly desiccated, 
for drying gases, and for the production of artificial cold by 
being mixed with snow or powdered ice. 

Chloride of lime, or bleaching powder (Ca2C10), is made 
fi’om calcium hydrate slightly moistened and exposed to the 
action of chlorine gas, which is readily absorbed and a 
compound produced — the bleaching powder of commerce — 
which is used on an extensive scale for bleaching linen and 
cotton goods. In preparing bleaching powder it is necessary 
to avoid all elevation of temperature, which is accomplished 
by supplying the clilorine gas slowly at first. The product 
is a soft white powder, attracting moisture from the air, 'and 
giving off an odour different from that of chlorine. It is 
soluble in about 10 parts of water. The solution is strongly 
alkaline. The composition of bleacMng powder was at one 
time' considered as a compound of lime and chlorine; but its 
atomic constitution is really represented by the formula 

QQj, the molecule being decomposed by water into 

chloride and hypochlorite. In an open vessel the compound 
is rapidly decomposed by the carbon dioxide of the air. The 
value of commercial bleaching powder therefore varies with 
its age, and the care originally taken in its manufacture. 
The best bleaching powder rarely contains more than 30 per 
cent, of available chlorine. A new process of preparing 
chlorine on a large scale has recently been discovered. It is 
based upon the fact that when hydrochloric acid gas and air 
are passed together over heated copper sulphate, the hydrogen 
of the hydrochloric acid and the oxygen of the air combine 
together, forming water, while the chlorine is set free. The 
copper sulphate, which undergoes no change, acts for an 
indefinite length of time. Chlorine for the production of 
bleaching powder is now manufactured upon this plan in 
immense (quantities. 

The spectrum of calcium is a very peculiar one, containing 
a number of distinct bright lines, by which the presence of 
the metal is readily detected. 

Barium (Ba; atomic weight, 136‘8). — The metal barium 
has not yet been obtained in the coherent condition, only in 
metallic powder. The spectrum of barium contains a num- 
ber of green lines, by which the presence of minute traces of 
this metal may always be detected. Its compound with 
Gx;^en is called (BaO). 

Uarhonate of baryta iomxdi m. many parts of England. 
The same earth is also found in combination with sulphuric 
acid, forming heavy spar. When finely powdered, on account 
of its great weight, it is employed to adulterate white lead. 
It is also used to give a fictitious body to calicoes and paper. 

Baryta is distinguished among the other earths by being 
a violent poison. All its compounds also are poisonous, 
except the sulphate (heavy spar). It yields the only white 
‘ for water-painting that never changes, and it may be mixed 
with any other colour without injury.. Various oil colours 
are now extensively manufactured from it by dyeing ft the 
, shade required. Almost all the Brunswick greens are thus 
obtained. Baryta differs remarkably from lime in being 
very soluble in boiling water, from which it crystallises on 


Strontium (Sr; atomic weight, 87 ‘Y) is a yellowish white 
metal, with a specific gravity of 2*54. The spectrum of 
strontium exliibits a bright line in the blue, one in the 
orange, and six less distinct ones in the red portion of the 
spectrum. Strontium combines with oxygen to form the 
oxide called (SrO). 

Carbonate of strontia was first found in the lead mine of 
Strontian in Argylesliire, but tlie sulphate is now found 
plentifully in several other , places. Thus, near Bristol and 
Paris, it is employed as road metal, and in the state of 
Pennsylvania, United States of America, it occurs in great 
abundance. The earth which forms its base is not poisonous 
like baryta, but it resembles that earth in being very soluble 
in boiling water, and in crystallizing on cooling. Its dis- 
tinguishing property is the red colour which it^imparts to 
flame, and hence its use as an essential ingredient in the 
red fire of theatres. It has also been tried on a small 
scale in medicine. 

Strontium nitrate, Sr (NO 3 ), is principally of value in the 
composition of red fire, which consists of— 


Red Fire, Grains. 

Pry strontium nitrate, 800 
Sulphur, . . . . 225 

Potassium chlorate, . 200 
Lampblack, . . . 50 


Green Fire. Grams. 

Pry barium nitrate, . 450 
Sulphur, ... , 150 

Potassium chlorate, . 100 
Lampblack, ... 25 


The strontium or barium salt, the sulphur, and the lamp- 
black are finely powdered and intimately mixed, after which 
the potassium chlorate is added in rather coarse powder, and 
mixed with the other ingredients without rubbing, which 
might cause an explosion. 

SIag-nesium (Mg; atomic weight, 23*94; specific gravity, 
1*74). — This metal exists in considerable quantities in mineral 
nature, especially associated with lime in magnesian lime- 
stone. It is an ingredient of talc, soapstone, potstone, 
asbestos, fossil cork, and several other minerals generally of 
a fibrous texture and silky lustre. Epsom salt is a well- 
known combination of it with sulphuric acid; and from this 
salt the earth is usually prepared for chemical purposes. 
Separated from its combinations it is a very white, soft, and 
light earth, does not slake like lime, and is almost insoluble 
in water. 

Magnesium owide, or magnesia (MgO), can easily be 
procured by subjecting the magnesia of the apothecary 
(which contains more than half its weight of carbonic 
acid) to a white heat; and this medicinal magnesia may 
again be procured by maldng a hot solution of Epsom salt 
and pouring into it a solution of carbonate of potash or soda; 
a double decomposition of the salt takes place, and the 
carbonate of magnesia wMch is formed is precipitated, while 
the allcaline sulphate remains in solution. The metal itself 
has only recently been prepared in quantity. It is usually 
obtained by heating magnesium chloride (MgCL) with metallic 
sodiuni, sodium chloride and metallic magnesium being formed. 
The metal is of a silver wliite colour, and fuses at a low red 
heat. When soft it can be rolled into wire, and with care 
may be cast like brass. When strongly heated in the air it 
takes fire and burns with a dazzling white light, forming its 
only oxide, magnesia. The magnesium light is rich in chemi- 
cally active rays, and is therefore sometimes employed as a 
substitute for solar light in photography. It has been em- 
ployed with success for photographing the interior of the 
pyramids, caverns, &c. Magnesium does not oxidize in dry 
air; it is slowly acted upon by cold water, and more rapidly 
by hot water; it rapidly dissolves in sulphuric and hydro- 
chloric acids, evolving hydrogen. 

Magnesiwn sulphate (MgS 04 - 4 - 7 H. 20 ) is a soluble sub- 
stance known as Epsom salts, found in a spring at Epsom, 
Surrey, and containing seven atoms of water 0 ? czystaHiza- 
tion. Magnesium sulphate is now largely made from dolo- 
mite by separating the lime with sulphuric acid. 

Of these earths are composed all rocks, stones, gems, and 
soils that are found throughout, and constituting the globe. 
Some of these minerals contain but one earth; but minerals 
are found in which the earths are combined in different pro- 
portions by processes which produce that apparently endless 
variety of objects which mineral nature presents. 

'V I"’ ' ■ ■ ' ' ■' ‘"'r'’ 
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CHAPTER VIIL 

OAEBON — COAL — DIAMOND — GBAPHITB — PLUMBAGO — OABBON 

DIOXIDE — OAEBON MONOXIDE — -MARSH GAS — ACETYLENE— 

ETHENE — OOAL GAS — COMBUSTION — GUNPOWDER— NITRO- 
GLYCERINE — NITRO-GLYOERINE MOLECULE. 

Carbon (symbol, G; atomic weight, 11*97). — Carbon is not 
known to exist in the free state either as a gas or a liquid ; 
as a solid it exists in three distinct forms, identical in their 
chemical relations, but having distinct physical properties. 
These “allotropic'^ forms of carbon, as they are called, are 
diamond, grapliite or plumbago, and charcoal; these substances 
differ in hardness, colour, specific gravity, &c., but on combus- 
tion in air or oxygen they each yield exactly the same weight of 
the same substance, carbonic acid or carbon dioxide. The 
element carbon forms with oxygen, hydrogen, and nitrogen a 
series of more or less complicated compounds, which give rise 
to a separate branch of chemistry under the name of organic 
chernistry^ or the chemistry of the carbon compounds. 
Carbon in its pure state is far from being plentifully dis- 
tributed in the mineral kingdom. The only specimen is the 
diamond, the liardest substance which nature affords. Next 
In point of purity is graphite, a mineral very well known 
under the names of plumbago and blacklead. In this state 
carbon exists in considerable abundance, though the fine 
graphite of Cumberland is still an article of great value for 
blacklead pencils. In the next stage of purity carbon 
exists in vast abundance, forming the rnineral so well known 
under the name of antiiracite. The chemical constitution 
of this coal differs from grapliite only in its having, in 
addition to a smaD and variable portion of iron, which is 
common to both minerals, a percentage of silica and 
alumina, which remains as residuum when the coal is burned. 

In the United States of America anthracite exists in 
abundance. Pennsylvania alone could perhaps supply 
Europe with fuel for the next thousand years. In Scot- 
land it is found in smaller patches, but more plentifully 
in Ireland, where it is known as Kilkenny coal, and in 
South Wales, where it is of importance as a fuel for the 
smelting of iron, both by hot and cold blast. 

Anthracite differs from common pit-coal in containing no 
bitumen, and this is the reason of its burning without flame 
and smoke, and also of the difficulty there is in kindling it. 
Carbon is nevertheless the main constituent of common coal. 
Coke is this substance in about the same state of purity as 
it exists in anthracite, and is simply formed by exposing 
common pit-coal to ignition for some time out of contact of 
air. In the process, about a fourth of the weight is dissi- 
pated, and tlie spongy iron-black mass which remains is 
carbon, more or less pure, according to the quality of the 
coal from which it was made. Carbon may be obtained in a 
state still more nearly pure, and in considerable quantity. 
This is by the calcination of wood out of contact of air. To 
obtain the exclusion of the atmosphere, the wood is com- 
monly subjected to ignition in close vessels: this allows of 
the volatile products being retained, and it is with a view to 
these that the operation is often more especially conducted. 
Or the wood may be made up in piles, and covered uith 
loam to screen it from the atmosphere during ignition. This 
mode is stiU practised where the carbon is the only product 
in request. Such carbon is well known under the name of 
charcoal^ as a black porous mass without taste or smell. 
Although very combustible in air, it can bear the highest 
heat of our furnaces without change, provided air be ex- 
cluded; it is a bad conductor of heat, but conducts electricity 
well. When burned in air it unites with oxygen, and forms 
carbonic acid — the choke damp of the miner, the gas which 
constitutes the sprightliness of champagne, bottled ales, and 
soda water, and which has so often proved fatal in close 
apartments heated by charcoal fires. 

By stibstituting hydrogen gas for the oxygen of the car- 
bonic acid the compound produced is the gas so extensively 
manufectured for artificial illumination, known in chemistry 
m bicarburetted hydrogen, and popularly as coal-gas. By 
ip combustion the two products formed are carbonic acid 
and, water, the carbon uniting with one portion of the oxygen 
of the air and the hydrogen with another. When the com- 


bustion is incomplete, a quantity of the carbon is set free in 
the form of smoke. 

Graphite^ or plumbago, consists of nearly pure carbon 
with a trace of iron; it is found in various parts of Europe, 
and in large quantity in some parts of North America, 
especially in New Brunswick. It occurs in gneiss and mica 
slate, and their subordinate clay slates and limestones, in 
the form of veins, masses, and kidney-shaped disseminated 
pieces. The most precious deposit which lias yet been dis- 
covered is in the transition slate at Borrowdale in Cumberland, 
The graphite which can be directly cut into leads for pencils 
being very limited in quantity, powdered graphite is obtained 
from coarse impure graphite purified by treating the graphite 
powder, previously mixed with V? of its weight of potassium 
chlorate, with two parts of concentrated sulphuric ' acid, 
heated in a water bath until the decomposition ceases. 
The acid is then removed by washing, leaving the pure 
graphite, when diied, in the form of a bulky and finely 
divided powder. This powder, when strongly compressed, 
forms a coherent mass, from which pencils and other articles 
are made. Graphite is employed for giving a protecting 
surface to grains of gunpowder, and also for polishing 
surfaces of ironwork. It is also used as a kind of lubri- 
cator in the delicate moving parts of pianoforte and organ 
actions. Graphite is produced in the manufacture of iron; 
it frequently separates from the molten pig-iron in the form 
of scales. The annexed table gives the alteration which 
vegetable fibre has undergone in passing into the various 
forms of coal: — 


COMPOSITION OE PUELS, ASH BEING DEDUCTED. 


Description. 

Carbon 
per cent. 

Hydrogen 
per cent. 

Nitrogen 
and Oxygen 
per cent. 

Woody Fibre, . . . . . 

62*65 

5*25 

42*10 

Peat from the Shannon, . 

60*02 

5*88 

34*10 

Lignite from Cologne, . . 

69*96 

; 6*24 ■ 

27*76 :'' ' ■ 

Earthy Coal from Lax, 

74*20 

5*89 : 

19*90 

Wigan Cannel, .... 

85*81 

5*85 ! 

8*34 

Newcastle Hartley, . . . 

88*42 

5*61 

5*97 

Welsh Anthracite, . . . 

94*05 

3*38 

2*57 


The diamond was first found to consist of pure carbon by 
Lavoisier, in 1776, by burning it in oxygen. Its specific 
gravity varies from 3*3 to 3*5. The mode in which the 
diamond has been formed is unknown; it cannot, however, 
have been produced at a high temperature, because when 
heated strongly in a medium that does not act chemically 
upon it, the diamond swells and is converted into a black 
mass resembling coke. The diamond is the only substance 
which is capable of cutting glass. Some other hard sub- 
stances, it is true, scratch it, but none fairly cut it like the 
diamond. This peculiar property of the glazier’s diamond is 
due to the peculiarity of its crystallization in rounded faces 
and curviimear edges — the curvilinear edge adjoining the 
curved faces, entering as a wedge into the furrow opened up 
by itself, thus tending to separate the parts of the glass. 
For glass-cutting, those rough diamonds are always selected 
which are sharply crystallized, called technically diamond 
sparks; but cut diamonds are never used. In order that 
the crack, which causes the separation of the vitreous par- 
ticles, may take place, the diamond must be held almost 
perpendicular to the surface of the glass. The depth to 
which the fissure caused by the glazier’s diamond penetrates 
does not seem to exceed the two-hundredth part of an inch. 

The structure of the diamond is lamellar, and therefore, 
notwithstanding its great hardness, it is brittle, and gives 
way readily in the line of its cleavage, affording a direct 
means of arriving at its primitive form, which is that of the 
regular octahedron (eight-sided solid). It possesses either 
single or double refraction, according to its crystalline form; 
and its refractive power on light is so great in comparison to 
its density (3*56) that Newton was long ago led to suppose 
that it consisted of inflammable matter. 

The diamond, in common with several other minerals, 
becomes self-luminous by heating, and also by exposure to 
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the sun's light for a certain time. Exposure to the blue 
rays of the prismatic spectrum augments still more this 
property of shining in the dark. Besides its great mean 
refractive power (index 2'44)j diamond possesses a high dis- 
persive agency which enables it to throw out those varied 
and vivid colours for which it is so highly prized. 

Carbon forms two compounds with oxygen — carbon man- 
osside (CO) and carbon dioxide (CO 2 ). Carbon dioxide, 
formerly and still commonly called carbonic add gm (atomic 
weight, 43’89; density, 2r94), is always formed when carbon 
is burned in air or oxygen gas. It is easily prepared by 
treating marble, chalk, or other form of calcium carbonate 
with hydrochloric acid. Fragments of chalk are placed in 
the bottle, a, with enough water to cover the end of the 



funnel tube, 0 , and hydrochloric acid is then added through 
the funnel until the gas is freely disengaged. The gas, 
passing by the tube, b, is collected in the vessel, e, placed 
over a pneumatic trough. The decomposition is — 

Carbonate Hydrochloric Carbon w«+aT. Calcium 

of Lime. Acid. Dioxide. Chloride. 

CaCos + 2HOI == OO2 4 “ H2O 4 “ CaGl2. 

Carbon dioxide occurs free in the air; the quantity, though 
relatively small — 4 volumes in 10,000 of air — ^in the aggregate 
is very large, being upwards of 3,000,000,000 tons in weight. 
Carbon dioxide consists, in 100 parts, of carbon 27*27 and 
oxygen 72*23. If 27*27 is divided by the combining weight 
of carbon, and 72*23 by the combining weight of oxygen, 

-—^== 2*278, and 4*557; or the relation between the 

number of atoms of carbon to the atoms of oxygen is as 
1 to 2, so that the formula of carbon dioxide is OO 2 ; and 
as 44 parts by weight of carbon dioxide occupy a volume 
equal to that occupied by 2 parts by weight of hydrogen, and 
contain 32 parts by weight of oxygen, which also occupies a 
volume equal to that of 2 parts of hydrogen, carbon dioxide 
contains its own volume of oxygen, and the volume of carbon 
dioxide formed is precisely equal to that of the oxygen used 
in its formation. 

Carbon monoxide (CO; atomic weight, 27*93; density, 
13*96). This carbonic oxide gas is formed when carbon is 
burnt with a limited supply of oxygen. It may be often ob- 
served in the ordinary red-hot coal fire. The oxygen of the 
air entering at the bottom of the gi’ate, combines with the 
carbon of the coal, forming carbon dioxide (CO 2 ) ; this gas, pass- 
ing upwards over the red-hot coals, parts with half its oxygen 
to the red-hot carbon, thus C02 4-C==2C0. This carbon 
monoxide on issuing at the top of the fire meets with atmo- 
spheric oxygen, with which it at once combines, burning with 
a lambent blue flame, and re-forming carbon dioxide. Carbon 
monoxide gas in a pure state can be obtained by passing a 
slow current of carbon dioxide over fragments of charcoal 
heated to redness in a tube by means of a furnace. It is a 
colourless, tasteless gas, and acts as a strong poison. 

The compounds of carbon with hydrogen are very numer- 
ous, and they are known in the gaseous, liquid, and solid 
forms. Some of the more simple compounds are here 
described. 

Methyl hydride, marsh gas, or carburetted hydrogen (CH^; 
atomic weight, 15*97; density, 7*98). This is a colourless, 
tasteless, inodorous gas, which liquefies under great pressure 
and at a low temperature. It is abundantly disengaged in 
coal mines from the fresh -cut surfaces of coal, and from 
apertures in the coal termed “ blowers," which emit a copious 
stream of pent-up gas for a length of time, known upder 


the name of fire-damp. It also Occurs in stagnant pools 
being produced by the decomposition of dead leaves and other 
vegetable matter, whence its name of marsh gas. It maybe 
prepared by heating sodium acetate with caustic soda; the 
reaction is as follows: — 

Sodium Sodium Marsh Sodium 

Acetate. Hydroxide. Gas. Carbonate. 

NaCaHaOs 4- NaHO = CH 4 4- NaaCOg. 

Marsh gas burns with a bluish-yellow flame, forming carbon 
dioxide and water. If mixed with ten times its volume of 
air, or twice its volume of oxygen, it ignites with a sudden 
and violent explosion on the application of a light, and hence 
the great damage produced in coal mines. 

Acetylene (C 2 H 2 ) is formed by the union of carbon and 
hydrogen at a very high temperature. The carbon terminals 
of a powerful voltaic battery are employed, and brought into 
contact in an atmosphere of hydrogen. A direct , union of 
; carbon and hydrogen takes place at the high temperature 
evolved, and acetylene is formed. It is a colourless gas, 
burns with a bright flame, and possesses a peculiar and un- 
pleasant odour. Acetylene is produced by incomplete com- 
bustion, and its smell is noticed when a candle burns with a 
smoky flame. Acetylene combines with copper and silver; 
and the compounds readily undergo explosive decomposition. 
This gas unites directly with hydrogen, forming ethene 
(C2H24>H2=C2H4). 

Ethene ox olefiant gas atomic weight, 27*94; den- 

sity, 13*97). This gas is an important constituent of coal 
gas, and is obtained on the destructive distillation of coal. 
The gas is colourless, and possesses a sweetish taste, with a 
faint odour of garlic. It burns with a brilliant white light. 
When mixed with three times its bulk of oxygen and fired, 
it explodes with extreme violence. Chlorine acts upon ethene 
in a remarkable manner. When the two bodies are mixed, 
they combine in equal volumes, and form a heavy oily liquid 
(C2H4GI2). From this peculiarity the name of olefiant gas 
is obtained. 

Coal Gas, the ordinary gas used for illuminating and 
heating purposes, is not a simple chemical compound, but Is 
composed of many distinct substances. In order to obtain 
coal gas of good quality, some highly bitumenized coal, as 
cannel, is heated in a closed retort. The volatile bodies thus 
formed are collected, while a residue of impure carbon is left 
behind in the retort. The volatile products are tar, am- 
monia, water, and gas. The tar contains a variety of sub- 
stances, from some of which aniline colours are produced; the 
ammonia obtained from the nitrogen in the coal is utilized in 
the production of ammoniacal salts. The gas is very impure 
as it comes off, containing both substances useful for heating 
and illuminating purposes, and others which are impurities 
and must be removed. The luminous gases are olefiant and 
other hydrocarbons, mingled with gases that burn with a 
non-Iuminous flame, as hydrogen, carbonic oxide, and marsh 
gas. The impurities consist of carbon dioxide, sulphuretted 
hydrogen, and the vapour of carbon disulphide. These are 
removed from the gas by a system of purification. 

The illuminating power of coal gas is ascertained by com- 
paring the light from the gas burning at the rate of 5 cubic 
feet per hour, with that of a sperm candle consuming 120 
grains per hour. Thus cannel gas is equal to 34*4 candles, 
and coal gas equal to 13 candles. 


COMPOSITION OP COAL GAS, 100 VOLUMES. 



Illuminating 
Power in 
Gandies. 

Hydrogen, H. 

1 

A W 

s 

Heavy 

Hydrocarbons, 

CnHgn. 

Carbonic 
Oxide, GO. 

Nitrogen, 
Oxygen. 
Carbonic Acid. 

Cannel gas, . 
Coal gas, . . 

34*4 

13*0 

25-82 

47-60 

51*20 

41*53 

13*06 

3*05 

00 00 

2*07 


When a solid body is heated to a certain point it emits 
light, the character of which is determined by the temperature. 
(See Kat. Philosophy, Heat.) A rod of platinum raised to 
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a certain temperature becomes red-hot and emits a red light; 
at a higher degree of heat the light becomes more intense and 
whiter, and at the highest temperature, as when lime is 
subjected to the flame of the oxyhydrogen blowpipe, the 
light is exceedingly powerful. Substances in these states are 
said to be ignited or incandescent. When charcoal is sub- 
jected to a high temperature, it gradually wastes away until 
it disappears; the charcoal hums, and its heat is maintained 
by that which is evolved in the act of union with the oxygen 
in the air. This is what is termed combustion. In all 
ordinary cases of combustion the materials employed for the 
economical production of heat and light consist chiefly of 
carbon, or carbon conjointly, with a certain proportion of 
hydrogen and oxygen; the heat is the result of chemical 
union, and the light of extreme temperature. Combustion 
is more rapid as larger quantities of air are introduced into 
the burning mass, and the intensity of the heat rises in the 
same ratio, the heat evolved being tod and definite for the 
same amount of chemical action. The ordinary smith’s 
bellows, and the blast of the iron furnaces, are employed on 
this principle. Solids and liquids, as molten metal, when 
sufficiently heated emit light; the same power is exhibited by 
gaseous bodies, but the temperature necessary to render a 
gas luminous is much greater, and constitutes flame, the 
temperature of which generally exceeds that of the white 
heat of solid bodies. The illuminating power of a flame is 
largely increased by the presence of solid matter. The flame 
of hydrogen is scarcely visible in daylight, but in a dusty 
atmosphere, by heating to intense whiteness the floating 
particles' with wMch it comes into contact, its luminosity is 
greatly increased. It is, however, possible to produce very 
brilliant flames in which no solid particles are present. The 
flame from the “ Holmes signal light” is of immense bril- 
liancy and contains no solid particles (phosphuretted hydrogen 
and oxygen) ; the combustion of a mixture of nitrogen dioxide 
and carbon bisulphide also produces a dazzling white light 
without any separation of solid matter. The conditions most 
essential to luminosity in a flame are a high temperature 
and the presence of gases or vapours of considerable density. 
The relation between the luminosity of a flame and the 
^rapour densities of its constituents is shown in the annexed 
table, hydrogen being taken as unity. 

RELATIVE DENSITIES OF GASES AND VAPOURS. 


of chlorate of potash, every particle of the sugar, which is a 
combustible substance, is in close proximity to grains of 
chlorate of potash containing sufficient oxygen to consunie 
the whole. Both materials being in a solid condition, their 
molecules are confined and unable to exercise that degree of 
molecular activity necessary to produce chemical^ change. 
This molecular activity may be excited by heat, which is at 
once evolved by touching the mixture with a drop of sul- 
phuric acid; combustion then immediately takes place, the 
necessary oxygen having been derived from the chlorate of 
potash instead of from the atmosphere; it therefore becomes 
possible to inclose in a confined space, as a gun barrel, all 
the conditions of combustion. This is the simple theory of 
gunpowder, which consists of an intimate mixture of two 
substances, nitre and charcoal, with a small amount of sul- 
phur added to facilitate the ignition of the charcoal. In the 
general decomposition which occurs when gunpowder is fired, 
the oxygen of the nitre combines with the charcoal forming 
carbonic acid and carbonic oxide, while the nitrogen is 
liberated, and the sulphur combines with the potassium, and 
the great explosive power is due to the violent evolution of 
large quantities of gas, and a rapid rise in temperature, 
causing an increase in bulk sudden enough to cause what is 
termed an explosion. In practice it is found that the best 
gunpowder is that which contains nearly two molecules of 
nitre to one atom of sulphur and three of carbon. In the 
manufacture of gunpowder, the materials are first reduced to 
a very fine powder, and then intimately mixed together. 
Afterwards by great pressure the mass is converted into a 
firm hard cake, which is afterwards broken up into grains of 
different sizes, varying from the size of a walnut to that of a 
grain of millet seed. The composition of musketry powder in 
general use is given annexed. 



English 

and 

Austrian. 

Prussian. 

I 

Chinese. 

French. 

Nitre, .... 

75 

75*0 

75*7 

75*0 

Charcoal, , . . 

15 

13*5 

14*4 

12*5 

Sulphur,. . . , 

10 

11*5 

9*9 

12*5 


100 

100*0 

100*0 

100*0 


Hydrogen, .... 1 

Water, ..... 9 

Hydrochloric acid, . 18*25 

Carbon dioxide, . . 22 

Sulphur dioxide, . . 32 


Arsenious chloride, . 90*75 
Phosphoric oxide, . 142 
Metallic arsenic, . .150 
Arsenious oxide, . . 198 


The brigntest flames are therefore those which contain the 
densest vapours. The luminosity of a flame is increased by 
a denser surrounding gaseous medium, and diminished by 
rarefaction; thus, candies burn with much less light upon 
the summit of Mont Blanc than in the denser medium in 
the valley below, the rate of combustion being about the 
same in each case. The igniting point, or temperature at 
winch combustion commences, is very different with different 
substances : phosphorus will inflame in the hand ; sulphur 
requires a temperature above 100° C.; charcoal must be 
heated to redness. Gaseous bodies exliibit the same differ- 
ences: hydrogen is inflamed by a red-hot wire; light car- 
buretted hydrogen requires a white heat. When flame is 
cooled below the temperature at which rapid oxidation of 
the combustible gas occurs, it is immediately extinguished. 
The ‘‘ Davy safety lamp ” depends on this principle. 

Combustion may, however, take place without atmospheric 
air, the oxygen necessary being obtained from some associated 
sub.«tance, as there are many materials in which a large 
amount of oxygen is so loosely combined, or in which the 
oxygen-atoms are held in combination by such a feeble force, 
that they provide oxygen to the combustible as readily as the 
atmosphere, and in a much more condensed form. Two of 
these substances are potassic nitrate or nitre (KlSiOg), and 
potasdc chlorate or chlorate of potash (KClOs); an ounce of 
this salt contains about 1*7 gallon of oxygen. If one-third 
of an ounce of powdered sugar be well mixed with an ounce 


The gas evolved on the ignition of powder at the ordinary 
pressure of the atmosphere, is about 300 times the volume 
of the powder used, which, when confined in the space 
previously filled with the powder, would exert a pressure of 
about 2 tons on a square inch. As the powder burns rapidly 
this pressure is suddenly applied and produces the effect of 
an immensely heavy blow. In the chamber of a gun the ball 
usually yields before the breech, and is projected with grea.t 
velocity from the mouth of the gun; fearful accidents some- 
times occur when the ball has been too tightly wedged, or 
when the metal of the gun breech is too weak. The vast 
number of gas molecules suddenly set free in the chamber of 
the gun moving with all the velocity which great energy has 
imparted, rush against the ball, and when it starts, im- 
part to it their moving power, until it acquires the velocity 
with which it leaves the gun. The effect is due to the 
accumulative force of small impulses, the power exerted by a 
single molecule being as nothing, but the accumulated effect 
of millions on millions of these individual impulses being 
enormous. 

There are various other chemical compounds which form 
explosite agents of more potent energy than gunpowder, 
such as gun-cotton, nitro-glycerine, dynamite, tonite, &c. 

Glycerine (GaHsOs), largely employed as a cosmetic, is a 
clear, oily, sweet- tasting liquid, obtained in large quantiries 
as a secondary product of the manufacture of soap and 
candles from common fats, and it bears the same relation to 
nitro-glycerine as caustic potash does to saltpetre. When 
nitric acid is poured into a solution of caustic potash, crystals 
of saltpetre are formed, and when glycerine in a very fine 
stream is poured into very strong nitric acid, rendered more 
active by being mixed with sulphuric acid, nitro-glycerine is 
formed. Apparently no change has taken place, as nitro^ 
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glycerine resembles very closely in appearance glycerine 
itself, and is a colourless, oily fluid, the reddish-yellow 
colour of the commercial article being due to impurities. 
When the chemical change is completed, the nitro-glycerine 
is very carefully washed with water, removing a.li the ad- 
hering acid, as very many of the accidents that have 
happened with nitro-glycerine have arisen from the use of an 
impure article. It is usual to explode nitro-glycerine, not by 
the direct application of heat, but by a sudden and violent 
concussion, obtained by firing, in contact with it, a fuse con- 
taining some fulminating compound. 

The handling of liquid nitro-glycerine is in practice found 
inconvenient. It is therefore usual to mix with it some inert 
and impalpable powder, and to mixtures of this kind the 
names dyThamite and dualine have been given. The powder 
merely acts as a sponge. Nitro-glycerine produces peculiar 
effects on explosion. When gunpowder is employed it is 
necessary to confine it; thus for blasting, a hole is prepared 
in the rock, and it is confined by what is termed tamping. 
With nitro-glycerine this is unnecessary; it may be placed in 
the drill holes and a little water only poured on the top. As 
an agent for blasting it is greatly superior to gunpowder; but 
while it has such vast rending power, it lias no value whatever 
as a projectile agent, for if exploded in a gun it would hurst 
the breach before expelling the ball. The chemical action in 
the explosion of nitro-glycerine is very similar to that of the 
combustion of gunpowder. In both cases large volumes of 
gas are produced, and there is the liberation of a great amount 
of energy, which imparts to the gas molecules vast moving 
power, and in both the process consists mainly in the union 
of carbon and hydrogen atoms with oxygen, yielding the 
same products. In gunpowder, however, the carbon and 
oxygen atoms are in different molecules lying side by side in 
the same grains; in nitro-glycerine they are in different parts 
of the same molecule. In chemistry every molecule is re- 
garded as having a definite structure; it not only consists of 
a specific kind, and fixed number of atoms, but these 
atoms are arranged and grouped together in some definite 
order, which it is the great object of modern chemistry to 
discover. In some instances the grouping of the atoms in 
the molecules of substances appears to have been ascertained 
with tolerable certainty. Thus chemistry has ascertained 
the grouping of the atoms in a molecule of nitro-glycerine, 
CsHsNaOfi, which may he repre- 
Moiecuie of Nitro-Giycerine. sented grapMcally by the diagram, 
H 0 the letter signifying single atoms, 

i II and the lines between them merely 

H-C-0~N =0 showing how the atoms are severally 

1 I united. Thus, the three atoms of 

carbon are united together by a cer- 
( =0 tain force; to these are directly 

I i united five atoms of hydrogen, and 

H-C-0~N =0 then to each of these carbon atoms 
t II is also bound the atomic group — 

^ ^ O- JST I the four atoms of this 

group having a definite arrangement among themselves. The 
same system upon which the atoms are united with one 
another may be shown by a 
0 H H H 0 second diagram; the one dia- 

li III II gi-arn and the other mean to 

N-0~C-C-G-0-N the chemist precisely the same 
11 ill II atomic arrangement. That the 

0 H 0 H 0 atoms of the molecule of nitro- 

1 glycerine are grouped as indi- 

=:=:() catcd, Is shown by the symbol, 

C 3 H 5 N 3 O 9 . When the sub- 
stance explodes, the oxygen atoms at one end of the molecule 
rush for the atoms of carbon and hydrogen at the other side, 
and the molecule is broken up. The chemical action is 
therefore nearly the same as in the burning of. gunpowder, 
the difference being that while in the powder the c^bon and 
oxygen atoms belong to different molecules, in nitro-glycerine 
they belong to the same molecule. In both cases the carbon 
' burns, but in the nitro-glycerine the combustion is 
the molecule. This is a most important difference, and shows 
itself in the effects of the -explosion. In. gunjppwder,. the 


grains of charcoal and nitre have a sensible magnitude, and 
consist each of many million molecules. The chemical union 
of the oxygen of the nitre with the carbon atoms of the char- 
coal can take place only on the surface of charcoal grains, and 
the first layer of molecules must be consumed before the 
second can be reached, and so on. The process therefore 
takes a sensible time, although very rapid. In the nitro- 
glycerine, the two sets of atoms are in one and the same 
molecule, and the internal combustion is essentially instant- 
aneous. Tliis element of time explains a great part of the 
difference in the effect of the two explosions, and a part is 
also due to the fact that nitro-glycerine yields fully 900 times 
its volume of gas, while with gunpowder the volume is only 
about 300 times that of the solid grains. The effect of the 
instantaneous development of tins large volume of gas, 
which becomes at once a part of the atmosphere, in an 
explosion of nitro-glycerine, is the equivalent of a blow by 
the atmosphere against the body to be shattered, or as the 
air is the larger mass, a blow by the body against the 
air, wliich acts as an anvil against which a rock can be split. 
This is easily understood by considering the resistance offered 
to any body moving with great velocity against the air. At 
12 miles a minute (or about the velocity of sound) a wooden 
board, say a yard square, would be broken into splinters; and 
at a velocity of about 1200 miles a minute (about the velocity 
of the earth in its orbit) the air at the surface of the earth 
would present a barrier against which the hardest rocks 
might be shivered into fragments. This effect is often seen 
when meteoric masses, moving with these planetary velocities, 
penetrate our atmospiiere as meteors; the explosions wMch 
have been witnessed are simply the effect of the concussion 
against the aeriform anvil at the point where the meteoric 
mass enters. In the case of nitro-glycerine, the body strikes 
the atmosphere with such a velocity that it has the effect 
of a solid mass, and the substance is shivered by the blow. 


SHORTHANI).--CHAPTER IV. 

THE ASPIKATE — CONSONANTAL COMBINATIONS — INITIAL 

HOOKS... ■ ■ ' ' ■ . 

The student will have noticed that the stroke for h may be 
written either up, as or down, as /, whichever may be 
found most convenient in securing the joining of it with any 
other letters. So frequently, however, does the aspirate occur 
that some more readily formed signs are found necessary; 
hence the aspirate h is sometimes written by a small dot 
prefixed to the vowel- sign, thus | had, V. Iiave, but still 
more frequently by ^ downward or ^ upward, as hay, 
honey. 

Before m, upward I, s, s, and downstroke r, the downward h 
may be shortened to a tick, thus x--. Am, ^ hl^ } As, ^ kz^ 
Ar, ^ hmf; but this tick cannot be used before m or I 
when a first-place vowel follows A. 

The following exercise, which should be slowly and care- 
fully written out at first, will illustrate the various uses of 
the aspirate A. After due mastery of the form and relations 
of the signs, speed may be made an object in writing out the 


exercise: — 

■X -v 



1 

1 


z_ 



A 

^ A. 


^ r r h- 

f' 

r\ 

3 


^ 




The stroke A may be written intermediately — ^tbat is, be- 
tween two consonants; but in this ease care must be taken 
that the circle is on the same side as that of the stroke part 
of the letter, as if it stood alone: unholy, not ; 

behave, not J ehovah, not The reason 

for this will be apparent when the student has made some 
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advancement in the knowledge and practice of phonograpMc 
writing. 

The learner may now proceed to study the rules which 
{!) regulate the use of the signs for the downward r and I, 
(2; direct us in the employment of the double letters, and 
'(3) inform us what is required of us that we may be able to 
adopt the abbreviations provided for the shortening of words. 

When r is the consonant which first occurs in the spelling 
of a word, it is written dowmoards if preceded by a vowel, 
and upwards if it is not preceded by a vowel; as air, 
^ ray,^%--s arm, rate. 

When r is the last consonant which occurs in a word, it is 
written doivnwards when it is the final sound, and upwards 
if a vowel follows it; as mar, marry. The upward 
r is always written after a straight upstroke, thus 
rare, wore. There are a few words in which faithful 
adherence to this rule would practically result in the produc« 
tion of inconvenient outlines, as ^ earth. In such and 
similar cases the upward r is used. 

Initial I before either of the horizontal consonants g, m, 
n, ng is written upward if it is the first consonantal sound in 
the word, and downward if a vowel precedes it; as like, 
alike; lone, ' alone. 

Final I (after /, v, and the upstrokes r, w^ y, k) is written 
upward if it is followeu by a vowel, and downward if it is the 
last consonantal sound in the word. After n^ I is generally 
written downward. When I is written with the downstroke, 
or sh with the upstroke, the vowels’ places require to be 
reckoned accordingly. 


^ 

^ A ^ ^ 





^ A C- C~ 
r\ A 

y \A- - ' 


remember, in vocalizing the wl^ (T that the small 
hook adds w and the large hook %oh to I, and that a vowel 
is either read close before or close after the consonant against 
which it is written. 

We now come to consider the first principles of abbrevia- 
tion in the phonographic art. Of these let us first explain 
initial hooks. 

A small hook on the left-hand side of a straight and inside 
a curved consonant adds r; as ^ />, mr; 

on the right-hand side the hook adds li as \ pl^ t 
hi. As it would he inconvenient to add a hook on the out- 
side of curved consonants, I is added to these by a larger 
hook; as jf, C" mZ, nl. 

For convenience in effecting joinings, /r, vr, thr have dup- 
licate signs ; thus, /r, 'e?r, thr. The reason for this 

is that rr and rchr are not required, and sr is represented 
by ^ •' and cy^ 

These combinations, when we speak them and keep their 
sound simultaneously before our minds, should not be named 
by pronouncing the letters which compose them, but as if 
they formed a word; as % per^ not pee ar; P tel, not tee el. 

We supply below a list of all the combinations of letters 
which require the use of initial hooks. These should be care- 
fully written out, and after that has been successfully done 
the exercise which follows it ought be copied over and over 
again. The exercise should not be regarded as effectively 
performed if done without writing the word represented by 
the characters immediately and directly underneath them. 
It requires to be diligently borne in mind, as an interpreta- 
tive help, that a vowel before a hooked letter is read before 
loth letters; as offer, "C other; and that one placed on 
the right-hand side is read after both; as \y ply, ^ pry, 

I grow. 

miTIAL HOOKS. 


Initial Hookt adding B, 


Initial Hook, adding L. 


The student has had presented to him, on page 180, the 
forms of the double letters in the phonographic alphabet, but 
it may be useful here, as an aid to his further progress as an 
intelligent learner, to explain their forms and to try to make 
their uses more clearly understood. 

The first double letter occurring in the alphabetic arrange- 
ment there adopted is c,. wh. It is used in such words as 

" where, 6/\ whip, whine. There are several words, 
however, which contain the letters wh but do not retain the 
sound, as whom, whose, whoop. How as phonography is 
“writing by sound,” they should be written thus, whom; 
i) whose, /\ whoop. 

The combinations ^ kw, C— gw are of very frequent 

occurrence, and may be used either initially or medially; as 
c-y],quality, quantity, liquid, anguish, 
aqueducts. 

The consonantal sign mp or mb is joined to other con- 
sonants and vocalized to form words; thus, . camp, A 
jump, lump. 

The termination Ir is not used so frequently, but it 
occurs in words like scholar, ruler, ^ feeler. 

The complex articulation which is denoted by rch or 
rj is generally used terminally, occurs rarely, and only in a 
few words initially. It will be at once seen that it is really a 
combination of r and ch or r and j; thus, perch, in- 
stead of purge, instead of \//. Initially it is 

used in words likeX arch, archer, archery. 

The sign , wl is used frequently in monosyllabic words, 
as wiU, well; and also in words like -^^-elfare, ^ 
Willy, The hook is made larger to represent wh, and is 
used in words like (f' wheel, whale. It is. necessary to 


VK ri ; 

pi, hi ; ti, dl; chi, jlj ki, gl, 

A large hook adds L to curves, 

ff, vl; sM, shl. 

ml, nl. 

X V N. '1 ^ ^ 

\ r cL 

i i t u u u r 

'V r-c vC 1 > 1 

Nf- ^ V. -X T \ . \ } 

Q. — V/ >3- 'L' <1^ 

oA 

r r ^ 

It will form a beneficial extra exercise to write down a 
umber of words involving these letters in their orthography 
(or actual spelling), and then, by the application of the fore-, 
going instructions, reduce them to phonograpMc expression. 


pr, hr; tr,dr; ciir,jr; kr, gr. 

A smaU hook adds B to curves, 

! n J J 

fr, VT ; thr, thT ; shr, zhr. 

mr, ^ mpr or mbr. 
nr, ngr (^gr), or nkr (pkr). 

1 Exeeoise. 


cr“-| c*~ 

{ U t. 
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MUSIC.— OHAPTEE IV. 

SEOyiOH I. — MUSIOAIi SCALE LIMITED— NE'W TONES, FAH 

AND LAH — MENTAL EFFECTS — STEPS OP THE SCALE — 

ILLirSTEATIVE PIEOBS- 

A WELL-KNOWN publshcr, desirous of having a favopite 
hynin set to music, applied to the late Prances Ridley i 
Havergal Almost by return of post, he received the hymn, 
set to a tune well fitted to secure popularity. It was found, , 
however, on examination that one part of the air bore a | 
striking resemblance to — was almost, indeed, note for note 
identical with — a section of a popular ballad. This similarity | 
was pointed out to Miss Havergal, who, without the slightest I 
alteration, returned it, with a remark to this effect — consid- | 
ering that we have only a scale of seven notes to work upon, | 
the wonder is, not that there should be an occasional likeness, 
but that we should, from what appears such slender resources, 
be able to produce melodies so many, so beautiful, so distinct, 
and in such great variety. 

With five of the seven notes thus spoken of by Miss Haver- 
gal the student is already acquainted, and it is now time to 
direct attention to the two which remain. These are called 
Fail and Lah, and are found, the lower between Me and Soh, 
and the upper between Soh and Te (see Modulator, p. 175). 
As in the case of the tones already studied, the greatest help 
to the learner, in becoming acquainted with those that are 
new, is to be found in the effect which each produces on the 
mind when taken in relation to the other tones of the scale. 
This has been called the mental effect of the tones in key. 
When the tone Fah is sung slowly it suggests to the hearer 
a solemn and rather gloomy idea, with a pleading earnestness 
to be found in no other tone. It would be well for the student 
to try to realize this, while singing the following. 

Examples of the effect of Fah rather liigh in pitch — 

Key A. doh on seoond space 


Ijd-.tilr :d jf |m:— jjd :r Iti :st jf :f Im:- 

Or thus in the opening of Mozart’s Twelfth Mass — 

Key G. DOH ON SEOOND LINE. 


The same, in three-pulse measure- 



'jm:r :d jli:— :ti|d:-:-|jd :si mui jlrr—isi jd :-j 

Examples of the effect of Lah high in pitch — 

Key F. DOH ON first space. 


:d |m ;r Id :m :s 11 |s 


/:d m : 

vLast nicht 


•Last I night there 1 were four « Ma 


— 

J: 


— 

O— - 

[=; 

— jO 


— J 

bA=a 


4 

lL 




Id :ni :d Is :m 11 |s 


Frequently at the close of a tune, or section of a tune, Fah 
is heard in the bass or lower part of the harmony, not falling 
downward to Me, but marching in stately fashion upward to 
Soh; — 

Key DOH ON THIRD LINE. 




ld:dilri:mi|f, :si |di ||d :si Imr.f, lsi :sild:— i 


In this connection Fah is often combined with Lah. 

Key B. DOH ON THIRD LINE. 


I jd :si Hi :fi |si :si Id j|d :li imi :fi |Si : — Id jj 

This similarity of contrast, if we may so speak, of Fah and 
Lah is thus brought out in the song “ Too Late” — 

Key E. DOH ON FIRST LINE. 


«i ' 
i .if i 




d |ti .li :si If :f 


It should be observed that Fah is placed very near the 
tone Me, and just as the tone Te manifests a constant desire 
to be resolved on Doh (p. 269), so Fah, if sounded for any 
length of time, shows a decided tendency to faE to the tone 
Me. These {i.e, Te and Fah) may be described as leaning 
tones, with a strong bias to go in contrary directions: the one 
upward to Doh, the other downward to Me. 

. The tone Lah, standing almost midway between Soh and 
Te, has been spoken of as the sorrowful or weeping tone. It 
is quite exceptional in the expression it gives to feeling and 
tenderness. This also is a leaning tone, but like Ray does 
not, as a rule, so decidedly indicate the direction in which it 
wishes to proceed as Te and Fah do, being, as it were, con- 
tent that the voice should pass either upward to Te, or down- 
ward to Soh. 

Examples of the effect of Lah rather low in pitch — 

Key A. DOH ON SECOND SPACE. 




|d :r ll,:-lt,:-|d:-|-: 




f jrjr:-|r.r:- m:- 

V. I cannot enter now. 


Is, 



:d Iti.t,;- Id I — I! 


Ye I cannot enter 


These different tones, viz. a key- tone (Doh), with its six 
related tones, are collectively termed a scale; which is thus . 
made up of (1) three strong tones — ^Doh, Soh, and Me; and 
(2) four leaning or expectant tones — Ray, Fah, Lah, and Te. 
The two which show the greatest expectant tendency are Te 
and Fah. A glance at the Modulator will show that Te and 
Fah are tones really more closely related to those against 
which they lean than are the others. All scale tones stand 
at certain distances in pitch above or below each other. 
Although not mathematically correct it is found sufficiently 
so for practical purposes, to say that from Doh to Ray is a 
full step, or (as it is more frequently termed) a full tone; 
from Ray to Me another full tone; from Me to Fah a semi- 
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tone (i.e. half a tone); from Fah to Soh, Soh to Lah, and 
Lah to Te are each full tones; and from Te to Boh a serai- 
tone. The scale, therefore, consists of five full tones and two 
semitones ; and going above or below these, we simply repeat 
them at a different pitch. 

In scientific treatises Fah, the fourth of the scale, is called 
the suhdondnant; Lah, the sixth tone above Boh, is called 
the mhmediant; and these two tones, with Boh added— 
Fah, Lah, Boh^give us what is known as the chord of the 
subdominant. We now have ready for use the three chief 
chords employed in music — viz. Boh, the tonic chord (p. 178); 
Soh, the dominant chord (p. 269); and Fah, the suhdomi- 
uant cliord. These three chords comprise all the notes of 
the scale. 

The student will now be prepared to practise the following 
exercises: — 


Exercise 59. — noH on EiasT une. 


Key E. 


J. S. 


{ 


-®i— ^ — 




JOt - 




d:m|s :m|f :1 |d' :1 |s :t |r' :t jd':- 
Ah - - 


iTfVr 


-0“ 






d ' :1 If :1 js :mld :mjr :ti lsi :ti jd :— 1 — jl 
Exercise 60. — doh on second space. 


Key A. 


J. S. 






/Id :si | m:d id :li if :li jsi :ti |r :f | m :— |— : 

llAh 1- I I 


{ 




m : d | si : d|f :d | 1 | :d |ti :r |s : t , Id :— |— :— 
Ah - - I- - - - - I- - - - - I- - - - 

Exercise 61. — round in two parts — doh on space 

UNDERNEATH LOWEST LINE. 

Key JO, T. F. S. 


^ iJ J ' J 


j 

— — — t” 





p— - — 

ar- 


■ , 1 ■■■ 



' 1 ' '-11 

M — “ 

r 

— ^3 Hi 




^ - 

i 



m 


^ • J 11 




" — I — " — ^ — 





■■ 'CJ'., .. • ■■ 

11 — 


: d ' 

1 

:s 


:m 

:r 

d j | 

VI hear 


with 

Joy 

the 

|h«r 

- 

vest 

home. ll 


Exercise 63.— round in two parts — doh on piest 

LEDGER LINE BELOW. 


Key C, 


J. Sneddon. 


{1 






d :r Im :f Is 

Let 118 mer-ry j be. 
* / 


:mjf :s |1 :t Id':- 

Fill { all oux heajcts with | gke. 
dim. 






3 


^ } 

I 


D.a 

f [ d »: t | d ': r'.dMt : d '| r »: s[l :mlf : s . f [ m:f Is : m | 

L I Hearts and voi-ces [all a - gree, j Hearts and voi - ces | all a - gree. j 


Exercise 64. — round in two parts — doh on space 

BENEATH LOWEST LINE. 


Key JD, 

p 


J. Sneddon. 


mz 


(1 










d :r :in If 

Sha - dows aow j dim 
* crea 


:m T 

our fee 


:s m :■ 

ble sight, 


m 


m :m If :ni |m :m If :m Im :m 


rim : 

I If 


the 1 weath-er 


BO j storm -y, and 
Q 


=“ } 

the J 






if :ia Id :r |m : 

i rain comes down like I th.at, 


-^—Tg r_MZ 


{i: 

■r=> 

1 


Is :s 1 :s Is :s 

I shall nev - er have 


:s I 

the J 


i i— r 






til I. 

t j pnv - i 


s Is :s i :s (m :s d* 

lege of wear^^ing my new hat. 


jD,a. 


Exercise 62. — round in TWO farts — doh on space 

UNDERNEATH LOWEST LINE. 

Key JO. 


jEi i 


□E 


f|d :r : 

V { Who sows 

VOL. I. 


m f :s 1 :t d' :s \ 

good seed In trait - foi loam. fihallj 


m 






D,C. 


fjm:f :s |1 it :d‘ jr' :t |d‘ |j 

V. 1 All will be [ clear in } Heav’ns pure j light. II 

A solo is a piece to be performed by a single voice; a duet 
is a musical composition for two voices (or instruments); trio 
for three; quartet for four; quintet for five; sextet for six. 

Exercise 65. — duet^ — DOH ON first ledger line below. 
KeyC, T. F. S. 

mf ' 




{; 


S 

m 

LO 
2. Tho 


r-r 

T 

7“ 

7k 

_ — ^ 

It 

T" 

|1 :s 

Im 

:s 1 

1 

:s 

Im ; 
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MUSIC. 


Sacerclse 66. — j>jjm — doh okt fikst leixjee line below. 
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Exercise 67. — kounb in three raets— doh on space 
BELOW LOWEST LINE. ■' ; 

Key D . Jas. Sneddon, Mus. Bac. 
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Exercise 68.— doh on pirst space. 
THE MUSIC OF THE MGHT. 


Rev. John Malcolm. 


Jas. Sneddon, Mbs. Bao. 
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Exercise 69 . — doh ON SECOND SPACE. 


Key A. Maria Dorothea Ogilvy. THE GLOAMIN’ HOUE. Jas. Sneddon, Mrs. Bac. 
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MTJSIO. 


Hitherto the position of Boh, the key-tone, has been given 
at the beginning of each exercise. The student should now 
be able to comprehend the manner in which this is usually and 
readily understood. The vocal organs of the human race may 
be broadly divided into four classes — viz. soprani, the higher 
voices of women and children; contralti (often simply alti), 
the lower; tenori, the highest of the male voices; and lassi, 
the lowest. In providing music for these we produce what is 
called four-part harmony. The female and unbroken male 
voice is naturally pitched an octave higher than that of grown 
men. The wide range required by these voices coidd not be 
shown on so limited , a staff as that which up to this time we 
have been using. Although five lines and four spaces ace gen- 
erally aM that are to be seen in a single group, the complete 
staff consists of eleven lines and ten spaces, and this is called 

THE GREAT STAFF. 


A staff of so many lines is not, as a rule, required for any 
single voice or instrument; even where it is required it would 
be cumbrous and perplexing to the eye if presented to it as a 
whole. From the great staff, therefore, a selection of five lines 
with their spaces is made for each separate voice and most in- 
struments; and at the commencement of each piece characters 
called clefs are placed to show (1) from what part of the great 
staff the selection is made, and (2) for what voice or instru- 
ment the music is intended. Here we should explain that all 
the lines and spaces of the great staff are named from the 
first seven letters of the alphabet, and these for the different 
octaves are repeated over and over again just as the notes of 
the scale are repeated. The two clefs most frequently used 
are those known as the trelle or G clef, and the loss or F clef. 

g - — 


The position of these clefs on the great staff, the relation 
they hold to each other, and how they come to be named G 
and F, are shown in the following figure: — 


depqabcdefg 
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F G A B C n B F G A B 0 

The student ought to observe carefully (1) that the great 
staff is here, as is usual, broken up into two groups, the middle 
line, called from its position “ middle 0,’’ being either left 


out altogether or employed, as in the figure, in the form of a 
ledger line above the staff for the bass, or below that for the 
treble, For convenience in writing, the distance or space 
between the treble and bass staves is often much greater than 
a single line would warrant, but however great the seeming 
separation may be, the real distance is as given, viz. two 
spaces and one line — B, 0, and B. (2) The turn in the sign 
of the treble clef falls on the fourth fine from the top of 
the great staff, and this clef receives its designation the 
*‘G clef” from the name of the fine on which that turn 

is made. On the other hand, the letter (generally 
reversed thus falls on the fourth line from the bottom, 

which line and clef are named F. The dots placed on either 
side of the line call attention to the same fact. 

For pianoforte music the treble and bass clefs are both used 
in the manner just explained and exhibited, the piano being 
an instrument that requires the complete staff. Yery fre- 
quently also harmony for four voices is presented in the same 
manner, two parts appearing on each staff, the notes for the 
higher voices having their stems turned up, those for the 
lower in the opposite direction. This is called “ short score.” 

If a separate staff for each voice is required, the soprano 
or treble and the bass voices have the entire use of those just 
explained. The contralto and tenor voices having their best 
and most used notes about the centre of the great staff, middle 

C is taken as a new clef-note, and tliis sign placed there- 


upon is called the C clef. Its relation to the others may be 
shown tabularly thus:—- 




Here the lines are to be considered as if they had been drawn 
right along. Thq.. bass,^ already explained, uses the five 
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W .'^finish this,section with simple examples in short score, 
in which the Jsey-tone is to be considered as on middle C. 
The clef, and marks for time and key, placed at the begin- 
ning of every piece of music, is termed the signature. 
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Exercise 71. — kobeiks,” long metre tune. 
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PBAWma-CHAPTEE III. 


LIGHT AND SHADE. 


Objects become mible to us by means of light ; their forms 
are made manifest to our senses by light and shade. Without 
light objects are invisible; without sftidow they would appear 
fiat and formless. In those branches of art-work which 
depend upon the realization of form, therefore, it is absolutely 
necessary to make a careful study of light and shade. 

It is not absolutely necessary for an art-student to have 
a full scientific knowledge of the nature of light, or be con- 
versant with the various theories respecting its motion; but 
it is desirable that he should both know and realize the re- 
sults of the following facts:— That light, being propagated 
from a given source, such as the sun ora gas jet, travels with 
almost infinite velocity in straight lines or in a direct course. 
When objects are exposed to this flood of light they reflect or 
throw back a portion of it, and it is by this reflected light 
that they become visible to our eyes, as has been described 
in the preceding chapter, page 373. Some objects reflect aU, 
or nearly all, the light wMch falls upon them, and these we 
call bright or light objects. Some absorb much of the light 
which they receive, and reflect little; these we call dark objects 
— that is, the general or natural tone of them is light or dark, 
even when they receive the same quantity of light. This can 
be very easily illustrated by pinning a piece of white paper on 
a black-board; the paper is white because it reflects the light 
largely, the board is black because it absorbs the light. These 
tones are called the local or natural tones, and are due to the 
substance or nature of the object. If we now take another 
object which is not flat, and which is of the same colour or 
tone afl over, we siiall find that when exposed to the light 
some portions will receive more light than others, while some 
will have no direct light falling upon them. 

Suppose the object to he an egg, the source of light a 
candle or gas jet, and that the egg is placed on a piece of 
gray paper. It will be seen that the light falls fully on one 
spot, partially on other portions, while some parts receive 
none; a portion of the paper will be wholly deprived of light 
by reason of the egg standing between it and the candle. 
That portion of the object which receives the light fully is 
called ‘^light,”theportionwhich receives light partially is “half 
tone,” the part which receives no light is “ in sbade,” and the 
space on the paper which is wholly deprived of light is the 
“ shadow.” 

We have, then, four different tones or gradations or “values” 
caused by the direct influence of light upon a rounded object 
These tones the student should carefully look for, observe, 
study, and compare. These are the elements of light and 
shade; and if it were possible so to place an object that it 
could be illuminated by one light only, we should have only 
these elements to study and their effects to imitate. But in 
art- work we have other influences, and far more complicated 
results, to deal with. 

The gray paper on which the egg has been placed not only 
receives but reflects light. A portion of this reflected light is 
thrown back on to the shade side of the egg, and it becomes 
partially iiiuminated. The faint light which it thus receives 
is properly called a reflection, and if we consider that not only 
the paper, but all the other objects round about the egg, are 
reflecting light in various directions, and with varied inten- 
sity, we shall see tliat our first simple tones will he greatly 
altered and complicated. The result is, that wonderfully 
subtle gradations and variations of light and shade are to be 
found on the surfaces of even the most simple objects. 

Before entering further with particularity into the mnu- 
ticB of this interesting subject — light and shade — ^it may 
be wdl to give the student a few instructions in the art of 
shading. He should first learn the wide difierence between 
these two things. Shading is merely the art of imitating 
shades by means of the pencil, the brush, or some other 
instrument. Unfortunately, many students mistake the 
, means for the end, and think that when they can imitate a 
shaded drawing or “ shade from the flat” their education in 
that ^xectipn is completed. This idea has been encouraged, 
in past tinies, even in so-called schools of art, and studenls ■ 
JisE^e^be,^ alJ,oj«^ raonto 


and useless elaboration of drawings copied from tasteless 
lithographs. Absolutely nothing is to be learned by such 
work except the ability to make an imitation of a shadow or 
shade by means of some instrument, and this ability an>’ 
industrious student should be able to acquire in a few weeks 
by working out the exercises given in this chapter. 

We simll in these instructions suppose the student to use 
the pencil or the brush. It is not necessary to describe 
minute^’ the methods of working with other instruments, as 
they are almost exactly the same. The pencil, the crayon, 
the “stjimp,” and the pen are used in a very similar manner. 
The first thing to acquire is the ability to lay on a flat shade ; 
that is, to cover a certain space with an even tone. The best 
kind of paper will be a moderately coarse-grained water-colour 
drawing paper, called at the art-stationery shops “Whatman^s 
medium.” This will require to be well strained on a board. 
The straining is done as follows ; — A piece of paper rather 
less ix' size than the drawing board used should be slightly 
damped by dabbing (not rubbing) a wet sponge upon it. The 
paper should be laid with the damp side up, evenly, on the 
hoard. About one inch of the edge all round should then be 
turned up and folded inwards. This edge should next be 
carefully glued or gummed, the solution of gum used being 
strong all along. It should thereafter be folded back again 
on to the board. No importance should be attached — in fact 
no notice need he taken— of the fact that it cockles or 
wrinkles up, and does not lie flat and stick along tlie edge. 
As it is desirable to preserve the perfect purity of the paper 
it wiU be wise to lay another sheet of clean waste paper on 
the top of the drawing paper; then, on the top of, that, 
another board or a flat card should be laid ; and, on the top 
of all, one or two heavy books should be put. The whole 
having been left undisturbed for some hours, the damped 
paper will then be found to be dry, the edges firmly 
fastened to the board, and the surface as firm and hard as 
the hoard itself. As there is a sort of art in this too, it is 
just possible that a perfectly successful result may not follow 
the first effort ; but it is a useful thing to know how to strain 
paper properly, and the student in this, as well as in many 
other matters of detail, will do well to, lay to heart the 
doctrine of “ try again.” 

When the paper has been thus successfully prepared, a 
combination of squares should be drawn upon it, as shown at 
ig. 1, and an endeavour should be made to cover these 


Fig. 1. 



squares with graduated flat tints, as shown in the same 
figure. If the pen, the pencil, the crayon, or the stump be 
used, the tints should be commenced with a series of parallel 
Jmes, very strong on the darkest parts,, and veity light and, 
■J^der on the. lightest. To make a dark tint it will be found 
to go over the space again with a second series of 
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lines crossing the first at an acute angle* It may even be 
requisite to cross these with a third series of lines, and then 
the small openings which will be left should be filled in with 
small touches done with a fine point ; this is called stippling, 
and may be carried as far as is felt to be desirable. When 
the tint is flat and even all over, that is all that need he 
aimed at. It is not really any the better for being made fine 
by laborious stippling. The lines used for constructing the 
squares should be very light. They should disappear alto- 
gether when the figure is shaded, and the spaces should be 
distinguished from each other only by the difference in their 
tone. 

The same exercise may be worked with the brush, a wash 
of very light colour being put all om' the figure, darker 
tones being put on the various spaces, as seen at fig. 1. The 
method of ^‘washing” on these tones has already been de- 
scribed in Chapter I., p. 278. These exercises should be 
patiently repeated several times, as it is almost inevitable 
that the paper should get into a hopeless condition during 
the course of the earliest series of attempts. The student 
may next take a small prism, hexagonal or octagonal in 
shape (directions for making such objects have been given in 
last chapter, p. 372), and placing it in a side light, an en- 





in a good side light, with a card behind it and a book or fiat 
slab on the top (fig. 3). With these objects in such a 
position we shall have some parts light, a few simple and 
well-defined shades, a reflection from the card, and shadows 
cast by the block on to the prism, and by the prism on to 
the card. The figure here given is not intended to be 
copied. The objects themselves should be placed in a similar 
position, and the details of light and shade under varied 
lights ought to be carefully studied. The shadows cast by 
the block upon the prism and by the prism on the card will 
be found to be the darkest tones The forms of tliese 
shadows should be carefully drawn in outline; indeed the 
shadows, and even some of the shades, should always be 
drawn in outline before the actual shading is commenced. 
The form of the object — or rather, the appearance which it 
assumes to the eye— is due to the shape and intensity of the 
shadows and shades upon it, as well as to the actual boundaries 
or edges of the object itself. In drawing these shadows it 
will be discovered that the shape of shadows is influenced by 
three things — (1) the form of the object casting the shadow; 

, (2) the position of the plane or surface on which the shadow 
fafis;. and (3) the position of the light. When these three 
things are well defined the resulting shape of the shadows 
can be demonstrated with scientific accuracy. The shadows 
in fig. 4, for example, have been worked out according to the 
strict l^ws of ; perspective. These laws are, of course, appli- 
cjable to . more elaborate and irregular objects, and it wiU 
tomore be. evidentvthat the forms of shadows, being sub- 


deavour snould be made to imitate the varied tones seen on 
its faces. This object might be placed in vaidous positions, 
and copied several times, until the difference between the flat 
shades on its faces becomes evident, and can be fairly well 
expressed. A graduated tone might next be tried, such 
as that shown at fig. 2, but not necessarily obtained by means 
of the parallel lines there used. This is in reality one of the 


Fig. 2. 



most difficult exercises ; and when sufficient ability has been 
acquired by the student to make a good graduated tone, on a 
fairly large space, he will know enough about shading,” and 
may therefore go on with the further study of light and shade, 
lict the hexagonal prism mentioned above be now placed 


Fig. 4. 



ject to known and well-defined laws, should be accurately 
drawn. 

When the shadows on the above-mentioned objects have 
been drawn, the spaces which they occupy should be filled in 
with a fairly strong, though not black, tone. The relative 
strength of all the other tones should then be most carefully 
studied; they will ail be lighter than the cast shadows, 
and the lightest will probably be as light as the paper on 
w:hich the work is done, and therefore may be left untoudied. 

A cylinder may next be put in the place of the prism, a 
circular slab resting on the top. We shall now have rounded 
surfaces to deal with, and these are much more difficult to 
imitate than the flat planes of the prism and the square 
slab. In this case, again, the shape of the shadows should 
be most carefully indicated by a light outline, and filled in 
with a strong flat tone; the size or width of the darkest 
part of the shade on the rounded surfiices of the slab and 
the cylinder should be drawn and shaded in a similar manner, 
and these darkest parts gradated into the light. This grada- 
tion will require the student’s utmost skill and patience. In 
this study the reflections or reflected lights will be obvious 
(see fig. 5). These reflections are frequently omitted, or 
not seen, by students in the earlier stages of their educa- 
tion;. and afterwards, when these lights have been pointed, 
out or become evident, they are frequently exaggerated. It. 
should be borne in mindtliat though the reflected light is. 
apparently strong when compared with the dark shade in. 
which it occurs, it is in fact a slmds, and many degrees^ 
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darker than that portion of the object on which the direct 
light actually falls. 

As an exercise in object drawing in proper light and shade 
a group of objects similar to that shown in the Plate, or 
an egg placed upon a piece of gray paper (as previously 
described) might now be attempted; and if a successful 
drawing can be made of this, a great step in advance will 
have been made. The student is strongly urged to work 
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patiently and assiduously at these elementary exercises, en- 
deavouring to get the roundness and soMty which are 
perceived in the simplest forms distinctly and accurately 
expressed. In most single objects only one spot (the high 
lights will be perfectly white, and tones more or less deep 
mil be found on all other parts. Flimsiness and indefinite 
indications of shadow-forms should be avoided. It is im- 
possible to study too closely the shapes of the shadow-edges, 
and the relative strength of their tones. These tones and 
forms will be best seen when the eyes are half closed, and the 
ejSfect of the numerous reflected lights is thereby lost. The 
student should frequently so look at the object, and endeavour 
to get the broad effect which will be seen in that way. Even 
when more elaborate objects than those which have been 
mentioned are taken in hand, it would be advisable to keep 
to objects of one tone or colour (monochrome), for great as 
are the difficulties to be encountered when imitating the 
forms of such objects, these difficulties are increased tenfold 
when an attempt is made to copy the light and shade of a 
coloured object. Let the student try to copy the form of 
an apple, taking no notice of its colour, but imitating only 
its form in black and white. In such an exercise it will be 
necessary to forget that the apple has colour at all, and to 
look only for the roundness. The want of early training in 
light and shade is frequently shown by students who attempt 
to paint a piece of fruit from nature; the colour is so obvious 
and so attractive, and demands so much attention, that the 
light and shade is almost entirely neglected or forgotten, and 
the form is expressed (or supposed to be expressed) by what 
is in reality merely a flat patch of colour more or less like 
that of the object. 

In this lesson nothing will be said about the imitation of 
colour and light and shade; for the present we desire to 
point out that the two things are for the most part separate 
and distinct, although in nature inextricably mingled and 
combined. Beautiful drawings, expressing every detail of 
subtle form, can be made without colour, and some writers 
think that this is all that should be attempted by those who 
haye only their leisure time to give to the study of drawing. 
Qolour is a great study, not to he lightly attempted, yet so 
attractive as not to he altogether omitted without a feeling 
of painful regret. None of us would like to live in a colour- 
less world; and after the student has begun to see the 


beauties of light and shade, and how much depends upon 
the imitation of these, then, but not till then, may he begin 
earnestly to search out the mysterious loveliness, instinct 
with inexpressible beauty and grace, of light, shade, and 
colour combined in ever- varying attractiveness and charm. 


TRIGONOMETRY.— OHAPTBR Y. 

ANGULAR MEAStrnEMBNO? — SOLUTION OF ANGLES — PEACTIOAL 
USE OF LOGARITHMIO CALCULATION. 

One of the most important practical points in the trigono- 
metrical solution of rectangular (or indeed of any other sort 
of) triangles is to get some one of the sides of the triangle to 
be resolved, so placed as to be able to be taken as the radius 
of a circle, at the centre of which this radius forms, with one 
of the other sides, an acute angle. On page S77 we have 
shown, geometrically, how this may be done; and the trigono- 
metrical deductions which may be made from them are ex- 
hibited on page 378. We now desire to show how the 
practical work of resolution is accomplished, and the simplicity 
of the means by which singularly difficult measurements are 
managed by trigonometry. 

Having arranged the line which shall be regarded as the 
radius — and upon the thoughtful skill with which this is done, 
the ease, facifity, and accuracy of the work depend a great 
deal — we can readily trace out and determine the relations 
which the other lines bear to one another and to the circle 
in which that radius has place, or any other circle with which 
we may find it desirable to bring them into relation. We 
already know that the following rectangles are each of them 
equal to the square of the radius — viz. (1) the sine and co- 
secant; (2) the cosine and secant; and (3) the tangent and 
; cotangent. We also know that the same angles may belong 
to an infinite number of (possible) triangles, all of which 
must have their corresponding sides similarly proportional 
one to another (see page 280), because ‘‘ two triangles which 
have an angle of the one equal to an angle of the other, are 
to each other as the rectangles of the sides which contain the 
equal angles.” Now, as equal arcs or angles have equal 
trigonometrical lines, when we have or can form equal arcs 
or equal angles, we are sure that these lines are equal, and 
when we have or can form proportional arcs or angles, we 
know that these lines will be correspondingly proportional 
As, too, when either arcs or angles are equal, their supple- 
ments or complements are equal, the trigonometrical lines 
belonging to these supplements or complements must also be 
equal, and their proportions hold good, one with another, in 
aU cases and consequences to which their similarities extend. 

In geometrical trigonometry ail angles are calculated as 
lying between the limits of zero [0] and two right angles 
[180°]. Every angle, unless it be at the extreme limits of 
0 and 180°, must be either (1) right, (2) acute, or (3) obtuse. 
A right angle is one of 90°. Two angles which together 
make up two right angles [180°], are «?^^plementary angles, 
and each is called the supplement of the other. Two angles 
which together make up one right angle, are called com- 
plementary angles, and each is called the complementary of 
the other. Hence the two acute angles of any right-angled 
triangle are complementary; and the complements of angles 
of 70°, 60°, 50°, 40°, 30°, and 20°, would be respectively 20°, 
30°, 40°, 50®, 60°, and 70° ; similarly the supplementary 
angles of 170°, 160°, 160°, 140°, &;c., would be respectively 
10°, 20°, 30°, 40°, (Kc., and vzce versa. As the numerical 
value of the sine (and all the other trigonometrical ratios) of 
an angle depends on the magnitude of the angle, and the 
magnitude of the angle is usually indicated or measured by 
the number of degrees, minutes, &c., it contains, it is useful to 
know how, when in a right-angled triangle one of the two 
acute angles is given, to find the other. In Euclid I. 32, it is 
demonstrated that ‘Hhe three interior angles of every triangle 
are equal to two right angles.” In every right-angled tri- 
angle, one being 90 , the others can only have the other 90° 
divided between them. We have only, therefore, to subtract 
the given angle from 90° and we We the other. The 
formvlct for these processes are very simple — ^viz. in any 
right-angled triangle ABC, of which the angle at B is a 
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rightangle, (1) angle A equals DO'’ - angle B, and (2; angle B 
equals 90° ““ angle A. Thus, if one of the acute angles of a 
right-angled triangle is 36°, the other will be 65” Similarly, 
one of the acute angles of a right-angled triangle is 39J°, 
what is the other 1 Ans. 50-|”. What is the acute angle at 
the vertex, if that at the base is 71° 46'? Ans. 18° 14'. 
What is the acute angle at the base when that at the vertex 
is 64° 28' 37"? Ans. 26° 31' 23". In like manner we are 
able to find the angles of any right-angled triangle when we 
have either of the acute ones given. 

It is somewhat different, however, in the case of oblique- 
angled triangles. In these we require to have two angles 
given in order that we may be able to determine the amount 
of the obliquity of the departure of the third. The three 
interior angles of every triangle are together equal to two 
right angles ; and hence, if we subtract the sum of any 
two given angles from 180® the third angle will be found. 
The formidoi in this case are three, viz.: — (1) Angle A 
equals 180° -(angle B+ angle C); (2) angle B equals 180° 
-- (angle A -h angle C) ; and (3) angle C equals 180° ~ (angle A 
wangle B). For instance, let angle A =31° 13" and angle 
B=48° 24' 16", then angle 0 = [180° - (31° 13' + 48° 24' 15"), 
U 79° 37' 15"] = 100^ 22' 45". Similarly, if B=39° 15' 
and C = 13°, A will equal 127° 45'. 

Two angles of a triangle are A 72° 16' and C 38° 40'; 
of how many degrees is B? Answer, 69° 4'. 

The angles at the base of an isosceles triangle are 43° 47' 
51". What is the vertical angle? Answer, 92° 24' 18". 

Angle A is 49° 25' and angle C is 63° 48', and therefore 
B is? Answer, 180° - 113° 13' = 66° 47'. 

Bearing in mind, then, that in every case in which the 
equality to two triangles is asserted, the following six con- 
ditions must always be fulfilled, viz.— 

(1^AB=A'B', (2)AC=A'G'. (3)BC=B'0'. 

(4) 0= C'. (6) B= B'. (6) A= A'. 

A A' 



We ciiii proceed to put the theory of the equality of triangles 
to further uses; for whenever we can make sure of the 
equality of two triangles in any three elements (of which 
one is a side), we can be quite sure of their equality in all 
the other three. 

Considering then tiiat, when from the vertex of any angle 
a circle is described with any radius, the intercepted arc is 
the measure of the angle, and that that arc is proportionally 
to a quadrant (or fourth part of a circle) what its angle is to 
a right angle, we know that equal arcs and equal angles have 
equal trigonometrical lines. In any circle the chord of 60° 
is equal to the radius — for, being the chord of the sixth part 
of the circumference, it is the side of a regular hexagon, 
which is always equal to the radius of its circumscribing 
circle. The sine of 90° and the tangent of 45° also each 
equal the radius. All trigonometrical fines of the same name 
belonging to different angles have the same relation to one 
another as their angles, their arcs, or their radii have to 
one another. Thus, referring to the diagram, the ratio of 
the arc HB to the radius GH, HB-rCH, is the measure 
of the angle HOB. In the same way, the sine of the 
angle H C B may be represented by B I) -r- 0 H, its cosine 
by CD“CH, its tangent by H6r-“CH, its secant by CG 
-rCH, its cotangent by F I -rCH, and its cosecant by 
GI-f-GH. CH, the radius, is usually regarded as the 
unit, and the sines, cosines, tangents, &:c., are expressed in 
terms of that unit in the trigonometrical tables. By such 
carefully-thought-out inductions, and certain happy con- 
trivances, > ultimately depending for their trustworthiness 
upon them, we are enabled to carry on computations con- 
cerning angular magnitude, leaving out of account angular 


measurement altogether, and taking those trigonometrical 
straight lines as so many linear quantities having certainly- 
fixed relations one to another and each to each. As the sine 
depends upon the arc, or upon the angle of which the arc is 



the measure, we require to know the angle in order that we 
may know the sine; hut the sine being known, all the other 
relations are constant and calculable. On the basis of a 
knowledge of the sine, therefore, trigonometrical tables have 
been so constructed that either (1) their numbers express, in 
terms of the radius, the proportional length of the sines, 
cosines, tangents, secants, cotangents, cosecants, &c., of all 
the possible arcs in a circumference, and so furnish numbers 
corresponding to any given arc, whatever its extent in 
degrees, minutes, seconds [or decimals]— in which case they 
are called Tables of Natural Sines, &c. ; or (2) their numbers 
express the logarithms of these natural sines, &c., and theu 
they are Tables of Logarithmic Sines, &:c. But, as we have 
previously shown, the cosine A=sin [90° - A], and hence a 
table of the values of the sines may, by ready computation, 
be made a table of the value of the cosines. &milarly, 
because the tangent A = sin A -r cos A, the logarithm* of the 
tangent of any angle may be obtained by subtracting the 
logarithm of the cosine from that of the sine; while the 
logarithm of the cotangent is obtainable by the subtraction 
of the logarithm of the sine from the logarithm of the . 
cosine. 

In this way — except in a few cases where the angles differ 
very slightly from 0° or from 90°, when some peculiar modes 
of operating require to be carefully observed — nearly the 
whole art and mystery of trigonometry consists in being able 
to manage and manipulate the sines and the computations 
necessary to transform them into their proportionals. There 
are 6400 {i.e. 90 x 60) minutes in a quadrant, and therefore 
so many arcs, at least, require to be calculated as shall supply 
the figurate values of the sines, &c., of these several arcs. 
The smaller quantities of seconds really require that only all 
the possible sines of one uoinute should be calculated. If we 
imagine the sine as a straight line, capable of continuous 
extension, movable constantly along the radius, so that as 
the arc increases in size, it is brought nearer and nearer to 
I the quadrant or radius of 90°, so as at length to coincide 
I with it, we shall readily be able to trace the simultaneous 
growth of the sine, as the arc grows. Its simultaneous and 
proportional decrease as the arc passes beyond the angle 90°, 
and throughout the second quadrant towards 180°, is equally 
easily understood. Exactly similar will be its increase and 
decrease in the two lower quadrants. Hence we perceive that 
the sine of an arc is equal to the sine of its supplement. 
Take, for instance, an angle of 131° 45', its supplement is 48® 
15', and the sine of 131° 45'=the sine of 48° 15'. This may 
be otherwise expressed thus:, sin 180° — A = sin A, and sin 
90° + A = sin 90° - A. It is equally plain that the tangent and 

* Logarithms are a series of artificial numbers so arranged as to 
correspond to a set of natural numbers, in such a way that the sum 
of the logarithms of any two numbers is the logarithm of the product 
of these numbers; so that, by logarithms, multiplication is performed 
by addition, and division by subtraction. 
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secant of anj angle are likewise the tangent and secant of the 
supplement of that angle. Following out the same course of 
observation, the careful student will readily see that dm, 
tangent, or secant of the complement of any angle is the co- 
sine, cotangent, or cosecant of that angle; and it will not 
reqinre much further thought to deduce from these observed 
facts the easy inference that the radius of any angle is a mean 
proportional (1) between the tangent and cotangent, and (2) 
between the cosine and secant of that angle. We may now 
proceed to present this statement as a fact, viz. If in any 
right-angled triangle ABC, the hypotenuse be made 
radius, the perpendicular BC be- 
comes the sine, and the base A B 
the cosine of the angle at A, while 
the base A B is the sine, and the 
side 0 B the cosine of the angle at C. 
If, on the other hand, the base A B 
be made the radius, the perpendi- 
cular B 0 becomes the tangent, and 
the hypotenuse the secant of the 
angle OAB at A; so that the dies of any right-angled 
triangle are to one another as the sines of thdr opposite 
angles. This, stated in other words, signifies (1) that if in 
any right-angled triangle the hypotenuse is regarded as the 
radius the sides become the dnes of the opposite angles; (2) 
that, if one of the sides be made the radius, the other side 
becomes the tangent of the opposite angle, and the hypo- 
tenuse the secant of that same angle. 

With these remarks thoroughly understood there should be 
no difficulty in perceiving how to deal with right-angled tri- 
angles at any rate. But we shall illustrate this in a ^ven 
case with some painstaking. Let the case he one in which 
there is giren, in a right-angled triangle, one of the angles 
and the hypotenuse, to find (1) the hose, (2) the perpendi- 
cular; e.g, angle 63° 8^ hypotenuse 480 feet. This might 
be done either (1) by construction, (2) by calculation, or (3) 
by the use of Gunter’s scale. The method by construction is 
not so accurate as the others, although it is advisable to be 
acquainted with the different methods, that the one may be 
used as a check upon the other. In the meantime we pro- 
ceed by calculation. In a right-angled triangle having one 
angle 53° 8' given, we have also the other implicitly so, i.e, 
angle C-=90°~53° 8'= 36° 52'. If now the 
hypotenuse is made radius, B G will be the *8000338 
sine of the angle A, and A B the cosine ; and the 480 

form will be radius A C : sine B C : : 480 : A B. 

In the table of natural sines we have as the 640027040 
calculated ratio of 53° 8' the figures *8000338, 32001352 

which we multiply by 480, and the result is 

(as may easily be shown) as nearly as possible 384*0162240 
384 feet, the length of B 0. 

Again, we have the angle 36° 52', and because the sine of 
either of the acute angles of a rectangular triangle is the cosine 
of the other, and vice versa, A B is the sine of C. Of this 
the table of sines supplies us with the figurate 
equivalent *5999549, which, of course, we 
multiply by 480, and get as our result (taking 
the nearest complete whole number) 288 feet 
for the length of A B. The three sides are 
therefore AG 480, BG 384, and AB 288. 

Done by the logarithmic tables the calcula- 
tions are made thus : — 

To find B 0. 

Radius [sine of 90°], 1000000 


•5999549 

480 


479963920 

23998196 


287*9783520 


: Hypotenuse [480], 
; : Sine [53° 8'j, 


To find A B. 


268124 

990311 

1258436 


Radius [sine of 90°], 1000000 

\ : Hypotenuse [480], 268124 

; : : : Cosine [53° 8'] 977812 

; ’ 1245936 

. ^bti;aofing from each of jthese sums the. logaritteuc fa^uf 
^ oumhef, and ' Iookii^ in the columns of ^ ’ ' * • ™ ^ ^ 


find opposite 258435 the number 384, and opposite that of 
245936 the number 288. That this is the fact the learner 
will require to take for granted at present, until we have ex- 
plained the logarithmic tables and their uses. Mean^vinle he 
may proceed to examine and work out, in a similar fashion to , 
the above, the following ' 

In a rectangular triangle the angle A =18° 14', and the 
side A B 432 feet ; find the sides B C and A C, and the 
angle B. 

The angle B is evidently 71° 46', of which the sine is 
*9497902. The sine of angle A, 18° 14', is given as *3128875. 

If these be each multiplied by 432, they will yield for B C 
135*167, and for A G 410*31. 


HISTORY OF GREAT BRITAIN AND IRELAND. 
GHAFTER lY. 

HAEOnn THE SAXON — THE BATTLES OP STAMFORD BRIDGE 

AND HASTINGS— -THE CONQUEST OP ENGLAND — WILLIAM 

THE CONQUEROR. 

Harold, the last of the Saxon kings, was made in 1850 
the subject of a romance by Lord Lytton, and in 1876 Lord 
Tennyson adopted the same theme for one of his dramatic 
efforts. A real dramatic romance was Harold’s life indeed, 
and one well worthy of the lordly pens which were employed 
to realize for us the incidents of the reign closed in the ter- 
rible storm of battle on the day of St. Calixtus,” pope and 
martyr. Crowned by the choice of the people, in accordance 
with the will of Edward, on Twelfth iSay (6th Jan., 1066), 
Harold, as the best man of English breed in the island, took 
his seat on the throne. Godwin’s son undertook the sove- 
reignty in a business-like way, and maintained the dignity of 
monarch quietly and well for a time. But William of Nor- 
mandy — asserting that Edward had bequeathed the overlord- 
ship of England to him, and relying on a promise he had 
extorted from Harold, that he would do everything in his 
power to aid Duke William’s succession to the sovereignty of 
Saxon England— decried him as a faithless usurper and 
claimed the crown. 

When William, in his park near Rouen, was one day 
trying a new bow, certain Normans, whom Harold had ex- 
pelled from England, came to state their grievances, and at 
once announced the demise of Edward and the coronation of 
Harold. William heard the news calmlj^, handed his bow to 
an attendant, took a boat across the Seine, and silently, yet 
thoughtfully all the while, passed on to his palace. There he 
gave way to agitation, and wrathfiiliy strode up and down 
the great hall, whOe awe hushed the soul of each attendant. 
His resolve was promptly taken. ‘‘ For Edward’s death,” 
said he, “ there is no remedy; for Harold’s treachery there 
is!” William assembled Ms councillors, and they agreed 
with him tliat ambassadors ought to be despatched im- 
mediately to England to assert his rights. They came 
to Harold. He repudiated the claim, and sneered at' the 
claimant, “ My royalty is the gift of my countrymen, and 
my right, so gained, I will not resign to any foreign power.” 
They earned the message to Rouen, and William sent them 
back with a commission threatening invasion and war. 
Harold mildly replied, Let Mm do Ms worst 1” Meanwhile 
half of the idle adventurers of Europe heard with delight of 
the likelihood of sword-play and spoil. The Norman in- 
vasion of England was urged with jubilant glee by them. 
Anselm, formerly bishop of Lucca, was now pope, as Alex- 
ander II. To him W&liam presented a claim of right, and 
he, arbitrating between the pretensions of Harold and 
William, decided in the duke’s favour, gave him a holy 
license to invade England and to bear rule over it, when 
conquered, as a fief of the church. A pontifical diploma, a 
consecrated banner, and a ring containing one of the hairs of 
St. Peter, were sent to Mm as tokens of the approval of the 
Roman see. Hildebrand (afterwards Gregory YII.) was 
William’s advocate at the papal court. In the early spring 
Harold’s kingdom was taken possession of, on paper, by the 
church, and William was preparing to seize it by the sword. 
P^rbldexchanged the palace for the camp. He assembled 
army and the most numerous fleet England had 
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ever seen or supplied. The former he took to Sandwich, ^ on 
the Stour, in Kent, and the latter he ranged about 2 miles 
off in the Straits of Dover, to watch the south-east coast 
against the menaces of the enemy, whose headquarters were at 
Lillebonne. Harold’s prompt daring won the nation’s heart. 
But Tostig, the king’s brother, who had been expelled from 
the earldom of Northumbria, opened communications with 
Duke William from the court of Flanders, and at last visited 
Lillebonne. There Tostig boasted of his power and popu- 
larity in England, and offered to aid the duke in the conquest 
of the country. William politicly took advantage of this 
traitorous offer, and gave him sixty ships to go as a pioneer 
in the war. With these Tostig ravaged the Isle of Wight, j 
He was forced to retreat before his brother’s armament, and 
made his way to the Humber. There he was met by Morcar 
of Northumbria and his brother Edwin, sons of Alfgar. 
They repulsed him and he fled, with twelve smacks, to the 
north of Scotland. Thence he went to Denmark, and urged 
gweyn to bring out the forces of the Baltic for the conquest 
of England. The Danish king declined the adventure. 
Harold Hadrada (‘'brave in counsel”), the king of Norway, 
was next tempted, and the cry was raised, “ Westward Ho 1 
for England.” The raven banner flapped over the Norwegian 
fleet of 240 fighting ships, besides transports and cutters, 
gathered together at the Solund Isles, whence was the 
shortest route to Shetland, to convey 20,000 men to conquer 




the islands of the west. On 1st September, after wearisome 
delays, Hadrada’s fleet was ready. Off it set for Shetland and 
Orkney, gathering as it went, till his boats numbered nearly 
1000 and his army 30,000. jThey steered south to North- 
umberland. Tostig, who had been the guest of Malcolm oi 
Scotland, joined Hadrada off the Tyne, and tliere did homage 
to him as his liege lord. They landed in Gliffland 
land\ Yorkshire, and subdued the sea-coast to the Humber s 
mouth. Up the Ouse towards York they sailed. Edwin 
and Morcar met them at Fulford. The Norwegian s banner, 
the Landeyda (“land-waster”), flew on the left wing beside 
the river. At first, the earls made a successful onslaught ; but 
Hadrada turned the tide, and on that day, 20th Septeniber, 
thousands lay, for miles round, “ weapon-smitten. On k.un- 
day, 24th September, the Northumbrians agreed to meet the 
invaders beside Stamford Bridge to treat of terms of sur- 
render and to deliver their 600 hostages for their fidehtyj 
and that day Hadrada and Tostig entered York as its masters, 
and left it believing their stars were in the ascendant. 

Meanwhile Harold, who had been watching William at 
Sandwich, had been quite outwearied, and, his provisions 
failing, he had disbanded his land forces on 8th September, 
and ordered his fleet to betake itself to London. But the 
blaze that Hghted up Scarborough threw its glare south, and 
the news of the invasion of the north by his namesake of 
Norway roused Harold to instant energy. Calling out the 
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terrible Thingmannalid— a band of mercenary soldiers, who 
had originally come from Jomsberg, on the east coast of the 
Baltic, and entered the service of the English sovereign on 
condition of being well fed, clad, and *paid— summoning the 
house-earls or king’s private body-guard, and raising the 
yeomanry of the midlands on his way, Harold marched night 
and day, with “ seven bands” of Englishmen, to meet and do 
battle with the foe. On Sunday morning he reached Tad- 
caster, 9 miles south-west of York. There he halted, mustered 
his forces, set them in array, gave orders for their taking . 
rest, and set off alone for York, which he entered shortly 
after Tostig and Hadrada had left. Before sunrise Harold 
spurred into Wharfedale and bade the army march towards 
the rendezvous • for the hostages, Stamford Bridge. With 
Monday’s dawn Hadrada, too, was stirring.^ Tall of stature, 
fft.Tr of face, strong of body, majestic of mien, he shook his 
bright lion-brown locks in theglowing morningair, and jauntily, 
as towards certain triumph, left the ships. His army was 
merry; they had shields, helmets, and spears, swords in their 
belts, and many had bows and arrows ; but defensive armour 
they heeded hot, they needed not. ^ Their gaiety and gladness 
were great. ; So easy had been their winning of England, A 


dun dust, whirling in the wind, darkened the way in front, 
and out of the gloom lance-points and alhovnos (coats of mail) 
seemed to gleam, Hadrada halted and asked Tostig who 
these might be. “ Likeliest foemen, though they may be 
friends,” said he. The sunbeams brightened their “byniies” 
and Tostig knew his brother Harold’s host. “ Let us, sire," 
said Tostig, “ take to our ships with all speed for shielding, 
and let us be near them wliile we withstand this host of Saxon 
horsemen.” “No hostile host,” said Sigurd’s son, “shall 
ever say they saw Hadrada hasten from a fray.’’ He sent , 
speedy horsemen to bring up his sailors from their ships, set 
up his banner Landeyda on the field, and arranged his army 
in array — a circle within a circle, shield locked witliin sMeld,, 
his bowmen and body-guard standing inside the hollow, while 
the outer row held their spear-butts on the ground with their 
points horse-breast high. Hadrada rode round the shield- 
serried ring on a black steed, having a blaze of white on its 
forehead. His horse stumbled : he was thrown off. Harold 
saw the mishap and exclaimed — “ Luck leaves the man who 
falls.” He offered Tostig one-third of his kingdom if he 
made peace. “ And what,” said he, “will my brother give 
Hadrada]’^ “ Seven feet of English earth, or seeing he is so 


. ' 'i ' 
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tali, a little more ” was the reply. “ Oo, brother, busk for 
battle; Tostig will not betray trust.” Harold rode back. 
Who was yonder man, and what wished he? inquired Hadrada. 
“ The king, nroffering me peace and great power,” replied he. 
“Harold,” said his namesake, “ought never to have had 
chance of causing our men’s death.” “ I would sooner suffer 
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death at my brother’s hand, in fight, than deal hiin a death- 
blow in perfidy.” “ Ha !” said Hadrada, “ that was a smart 
man, and he stood well in his stirrups.” 

Harold ordered his cavalry to dash at once on the shield- 
serried, spear-girt ranks of Norway. The Saxon horse 
recoiled from the unflinching ring. The Norwegians, burst- 
ing from their close-locked circle, pursued the retreating 
cavalry. Harold rallied them, and they rushed on the con- 
fused mass of Hadrada’s forces. He made onslaught on 
the English, dealing deathblows at every stroke. Suddenly 
a random arrow struck Hadrada in the throat, a gurgle was 
heard, a purple flow was seen, the jugular vein had been 
pierced, and energy and life ebbed rapidly. His death 
maddened the Norwegians. Tostig flew to the fluttering 
Landeyda, and underneath it directed the passion-stirred 
mass. Exhaustion overpowered both armies. They halted 
for breath-taking. Harold sent, offering peace and safety. 
War-wearied though they were, they uttered shouts of scorn 
and rushed to wreak vengeance upon their foes. Tostig fell 
in the throng of the struggle, and all seemed lost, when 
Eystein the Gorcock brought up the reserves from the ships, 
and renewed ardour nerved the assailants. Hadrada’s liost 
at length fled to their boats, leaving even their sovereign’s 
body on the fatal field, and Harold’s Thingmen pursued them 
hotly. A few resolute Norwegians, after seeing their com- 
panions across Stamford Bridge, manned the narrow road- 
way and defied the onset of the Saxons. The sturdy carles 
were swept down till only one was left. By his single sword 
no less than forty perished; but at length a Saxon, taking a 
boat, went under the bridge, and through a shrinkage in the 
planks pierced him with a spear. The men who came with 
a thousand ships left the shore in twenty-four, and for years 
unburied bones whitened the field of fight. The writer of 
on© of the lives of Edward the Confessor breaks into 
eie^ac verse, and mourns this complete defeat: — 


“ Who shall sing of vast Humber swollen into sea-like rage. 

Where in fierce warfare met the namesake kings? 

Or how, with barbaric blood, for miles the sea ran red, 

While the sad North wept at the fearful woe! ■” 

Harold began to bury the dead. Amid the wreckage of 
war was found Hadrada’s treasure-chest, heavier in golden 
spoil than twelve men could lift. He was rejoicing in success 
and happy in the hope of the Festival of Peace shortly to be 
holden in York. A messenger, in hot haste, spurred into the 
camp-like city, bringing the tidings that on Michaelmas eve 
Duke William of Normandy had landed at Pevensey with 
60,000 men, and built a castle-like encampment at Hastings, 
and were plundering the country round. Immediately Harold 
resolved, sadly lessened though his numbers were, to march 
southward with his Anglo-Saxon heroes. He reached Lon- 
don, and occupied six days there in raising the national 
militia of the seaboard. Before they could be collected, 
with the levies of Kent, Essex, and East Anglia, the king 
moved towards Bulverhithe. On 13th October he came in 
sight of the invader’s position. Along the steep brow of a 
long hill at Senlac, Harold arrayed his forces, raising a 
stockade in front of his lines to break the charge of 
William’s cavalry. On the hill-top, beside a hoary apple- 
tree, Harold pitched his banners- — the Golden Dragon of 
Wessex and the Fighting Man. Bound their watch-fires 
the English sat or lay feasting; the Normans, under Odo 
of Bayeux, prayed, confessed, and rested. William offered 
single combat to Harold. Harold rejected the suggestion. 
The Norman army, on 14th October, 1066, about eight, 
reached Senlac. William had proclaimed that he came to 
claim rights sanctioned by the pope, and announced that all 
who opposed him were “excommunicate.” TMs dismayed 
many. Gurth and Leofwin, his brothers, appealed to Harold 
to depart from the fray and leave them— who were free from 
any oath — -to defend the land, adding that then he could 
gather the levies and send them forward, or, if they were • 
sore beset, he might lead them up, maintain the fight they 
were engaged in, and repel the Normans. Harold averred 
that his sense of duty prevented him from laying risks on 
others wMch he did not sliare. He trusted in the justice of 
his cause and the courage of his soldiery. He determined to 
hazard battle. 

William rode a fine Spanish horse from St. Jago; his 
standard, blessed by the pope, was carried beside him by 
Toustain the Fair. His army was arranged in three columns 
of attack, and before he gave the word, he exhorted the host 
to fight valiantly, promised that they would share in the 
spoil gained, and averred he sought only his due. The war 
cry was Dim aide! (“ God to our aid]”) 

The English, shield knit to shield, held the hill-ridge, 
the men of Kent in the front, the burghers of London, the 
king’s body-guard. Under the royal standard stood Harold, 
Gurth, and Leofwin, and the bravest Saxon thanes. To the 
Norman war- word they replied, “By the holy rood of Christ!” 
Norman archers and crossbowmen attacked the Saxon line, 
cavalry charged against it, and for hours the steady, close, 
shield-linked mass stood compact and solid. A great tall 
Norman, Taillefer (“Hack-iron”), began the attack fiercely, 
singing the song of Boland the Paladin, and butting against 
two Saxons, slew them before he himself was killed. Two 
inoperative onsets had been made, and the Normans bore 
back chagrined and disheartened. A rumour went out that 
the duke had fallen. He threw up his visor to show the 
ranks that he was still alive, and rallied them for a fresh 
rush against the living ramparts on the hill. He fought his 
way in to the royal standard with a few of Normand/s best 
around him; Gurth slew his horse with a spear, and fell by 
a swordcut from the falling rider. Leofwin was also slain; 
but the daring band was driven into a deep trench, where 
horse and rider fell pell-mell one on the other. It was now 
seven hours since the morning’s march, and yet Saxon 
subbornness retained superiority. Strength, William thought, 
must yield to strategy. He ordered his archers to shoot high 
in the air, so that their arrows might fall like iron-hail into 
the midst of the cohorts. Many were wounded, and a trace 
of faltering was shown. William commanded a thousand 
horse to rush against the line, and to fall back in apparent 
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confusion and retreat. The English were taken by this 
snare. They rushed headlong after the foe, who were joined 
by another thousand horse, and then, facing about, assailed 
the Saxons, quite unprepared for such an event, in their 
isordered state. The Saxons could not retreat, they would 
not surrender, and hundreds of them fell by lance and sword. 
Several fought valorously amidst a host, cleaving the casques 
and mail of the enemy with their battle-axes. This feint, 
which had succeeded so well, was repeated, and when the 
embattled circle was at length by this means seriously broken 
the Normans rushed impetuously into the inclosure, and 
dealt death direfully on the scattered Saxons, Once again, 
even then, the Saxons renewed their encircling rampart, 
inclosing their king within their line. He had been active, 
brave, and watchful all the day, and a gleam of hope 
brightened his eye as he saw the reunited ranks of his heroic 
defenders. Just at this moment an arrow, flashing through the 
air, pierced Harold’s left eye, and penetrated into the brain. 
Dismay paralyzed them, as their sovereign fell dead in their 
midst. Round the royal standard the Saxons rallied, and sought 



Defence of the Saxon Boyal Standard. 

to defend it. Twenty Norman knights undertook to seize 
it. Ten fell before it was taken. The banner consecrated 
by the supreme pontiff was raised in its stead. When the 
sun set the Normans were masters of the field. The Eng- 
lish .troops, disheartened and scattered, were chased in the 
moonlight, but every now and then, turning at bay, made 
large drains on the blood of their victors. One-fourth of 
the host William had brought into action found their death- 
beds on and around Senlac hill, subsequently called Battle, 
Edith Swanneck, who, along with many women, came to 
seek among the slain the bodies of those they loved, found 


Harold’s corpse, sadly disfigured, under a heap of dead. Under 
a stone cairn on Hastings Gliff William had the heroic Harold 
buried; but afterwards, granting the prayer of the monks of 
Waltham, he gave it them for nobler entombment. They 
took the corpse, but no man knowetb where the sepulchre of 
the last of the Saxon sovereigns is. Edwin and Morcar 
having reached London heard the news of the battle. While 
William was yet in his camp doing funeral honours to the 
brave, they assembled the Witenagemote and chose Edgar 
Atheling, Edward’s nephew— whose claims had, as being but 
a child, been passed over in favour of Harold — as England’s 
king. When Duke William was ready to move, having 
gathered his troops around him and gained many accessions, 
England saw that resistance was hopeless, for no nation 
could bear the desperate despoil of heroes which had taken 
place therein, twice within three brief weeks, and still with- 
stand such an invader, for in these fiercely-fought battles 
full 50,000 Saxon soldiery were slain. When, therefore, they 
found that William and his followers plundered all they over- 
ran, Aldred of York, Edgar Atheling, Morcar, and Edwin, 
somewhat sulkily, surrendered to him under 
pressure of necessity. 

WiUiam accepted their submission, and on 
Christmas Day, when Aldred solemnly crowned 
him king, he swore that he would govern this 
nation as well as any king before him had 
best done, if they were faithful to him.” , At 
first his rule was liberal, but frequent attempts 
at rebellion afforded pretexts for rigour. He 
dispossessed the Saxon nobility of their estates, 
laid severe levies on the cities, reimposed the 
Danegelt, harried 60 miles between York and 
Durham, sacrificed by his severity 100,000 lives, 
and while he divided large land-holdings to his 
followers he retained in his own hand 1400 
royal manors. He required to return to Nor- 
mandy. In his absence the Saxons revolted, 
and aided by the Danes and Scots seized York. 
They were reduced, and Waltheof, earl of 
Northampton, was beheaded, because, knowing 
their design, he did not inform him of the plot. 
William deposed Stigand and appointed Lang- 
franc archbishop of Canterbury, enforced homage 
from Malcolm III. of Scotland, who had mar- 
ried Margaret, sister of Edgar Atheling; and 
compelled Hereward, ‘‘the last of the Saxons” 
who maintained his independence, to submission. 
Many of the insurgents against his rule fled to 
Constantinople, entered the service of the Greek 
Emperor Alexis Comnenus, and crossed swords 
with their ancient Norman foes in the battle 
of Durazzo. Denmark liaving tlireatehed an 
invasion William summoned a great national 
council, and proposed a complete change in the 
land-tenure of England. He claimed direct 
dominion over the whole territory, divided it 
into 60,000 fiefs, to the possession of each of 
which there was annexed the necessity of 
rendering military service during forty days in 
each year. Then (1086) was established the 
feudal system in England, and a general Domes- 
day Book, or Register of Landed Property, was 
prepared, after actual survey, to regulate fiscal, 
administrative, legislative, and warlike measures. 
Thirty miles around Winchester were cleared 
-twenty-six villages and several convents and 
churches being destroyed in the process — ^to form the New 
Forest chase or king’s hunting ground. For the safety of 
households from risk of fire, as well as for police purposes, 
the Conqueror introduced the curfew — ^the tolling of a bell 
at eight at night to warn all householders to hurry indoors 
and extinguish their fires. 

In 1076 William invaded Brittany, where Ralph de Gueder 
had taken refuge; but. Philip I. defeated the invader at Doi. 
Robert, William’s son, in 1079 claimed the duchy of Nor- 
mandy. They met on the battlefield of Gerberry, where the 
father was wounded by his son. They were afterwards recon- 


478 


THE aKEEK LANGUAGE. 


died. Philip had seized the Texin district, and had jested 
coarsely concerning William’s grossness of body. William 
resolved on redress and revenge. He marched on Mantes, 
and as he rode round that city, which he had ordered to be 
put to fire and sword, his horse, treading on a burning stake, 
stumbled and threw him against the pommel of his saddle. 
He was seriously hurt — a lingering inflammation ensued — he 
was removed to the monastery of St. Gervaise, in the village 
of Hermantrude, outside of the walls of the city of Bouen ; 
there, preparing himself for death, he languished for six 
weeks. He had always professed Christianity, and he sur- 
rounded himself now with all the external apparatus of holy 
dying — ^priests, bishops, and confessors. His two sons, 
William and Henry, were in attendance. Robert, the eldest, 
was at the court of France. His right to the crown of Nor- 
mandy William could not annul, though he wished ill-luck 
to him in his inheritance. Of England, he said he had come 
into possession of it by so many evil deeds that he dared not 
leave it to any one except God; “by whose will,” he added, 
“I trust that my son William may be king after me and 
reign gloriously.” He then recommended an instant journey 
to England to William, in order that he might secure the 
throne. He left to Henry Beauclerc £5000, bidding him 
trust in the Lord that aU that had been his fathePs he 
should gain and hold. He forgave his enemies, set free all 
state prisoners, commended his soul to God’s grace, and 
awaited the end. On 9th September, 1087, the cathedral 
bell of Rouen rang out the hour of prime, “What does 
that bell mean?” cried William, starting suddenly up. They 
told him, and while yet the sounds were in his ears he ex- 
pired. His body was carried for burial to St. Stephen’s 
Abbey at Caen. There it was met by Prince Henry and a 
procession of monks. A fixe broke out in Caen. The attend- 
ants on the obsequies fled, and only returned when the 
threatened conflagration was suppressed. After the knight 
Anselm Fitzarthur, whose property the Conqueror had seized 
as a site for the abbey, had been paid for the grave into 
wMch all that was mortal of him should be laid, the funeral 
of William was completed. 


THE GREEK LANGUAGE.— CHAPTER IT. 

PRONOUNS — THEIR DIPEERENT SORTS — THEIR INPEEXIONS. 

Pronouns are the signs of personality. Everyone feels him- 
self separated from what exists around him, and what sur- 
rounds Mm he regards as objects to be addressed, or to be 
thought of and spoken about. If that person thinks or speaks 
of himself alone the pronoun he uses as a sign for himself is 
singular; if he joins to himself another in thought or in 
speech he denotes that by the dual ; if he joins several with 
himseM the sign requires to be in the plural As pronouns 
are mere signs of personality they may be used for and 
applied to any person or object in accordance with their use 
and meaning. 

The old Greek grammarians gave the name of articles to 
two simple adjective-like words wliich are used in connection 
with nouns occurring in the same proposition, and having a 
relation of reference one to the other. For example in the 
sentence ovrcs hriv o dmq 6g axffst This is the man 
who will save us, these two words o and os, as it were, co- 
articulate or join together in the mind the noun as the agent, 
and the relative wMch shows that agent as an actor by 
means of the verb. In the progress of language, and of the 
abbreviations found necessary or advisable in speech, men 
began to retain in their mind and to take for granted in their 
conversation or writing any reference which was sufficiently 
implied by circumstances or previously defining statements. 
In tMs way the idea of articulation was retained in the 
former tinder the name Article, and that of relation was 
’ denoted as belonging to the other in the designation of the 
Relative. . These the old grammarians called the ^ 

"ositive articles, and both were reatfy in earlier, 
ke in form. They are even yet very olosely 


their declensions — to the eye of the student side by side, as 
in the following co-ordinate paradigm: — 

Article, d, k, to, the. Pronoun, 05 , d, who, which. 
Singular, 



Masc. 

Fem. 

Neut. 

Masc. 

■' Fem. 

Neat. 

Norn., 


% 

TO. 


■ i , 

0 . 

Gen., 

rov, 


ran. 

QV, 

jiSf ■ 

oif. 

Dat., 

ra, 


roi. 


■ 


Acc., 

Toy, 

rm, 

TO. 

Ji^ual, 

m. 

m . 

0 , 

N. A., 


Tflt, 

ra. 

m. 


iS>i, 

G. D., 


TAt'J, 

TOiV. 

Plural. 

oly, 


oh. 

Nom., 

Ql, 


roe>. 

oj, 

al, 

■ 'd , " 

Gen., 

rm, 


rmy. 

oiy, 

m, 

0y. 

Dat., 

roig, 

ToC'ig, 

roig. 

otg, 

clg, 

oh. 

Acc., 

rovg. 

, ra?, 

Toi. 

■ oug, ■ 


d. 


It may be remarked that these two words are declined 
precisely alike, except that the latter rejects the initial r 
wherever it occurs. 

The compounds of d, to are oBe, roSs; dys, roy*, 
this, that. 

The compounds of 0 * 5 , % 6 are dwgg, who, wMch; 

and oar is, tins, d rr, the indefinite AXkog, , 0 , other; and 
the demonstratives oidfroj, jj, 0 ; lxg/j/ 09 , n, 0 ; he, she, it; that. 

Pronouns are distinguished into Personal, Possessive, 
Relative, Adjective, Demonstrative, Reflexive, and Indefinite. 

(1) There are three Personal Pronouns, ly&», I; erv, thou; 
and ov, of him, which are declined thus;— 


Nom., 

syo), 

Singular, 


Gen., 

SfAOV fiCOV, 
Sf60i ^ 0 ;, 

, ■ mtf, ■ . ' 

ov. 

Dat., 

<T0i, 

oi 

Ace., 


O-S, 

h. ' 


— 

<rw, 


N. A., 

you ya, 

Dual. 


G. D., 

UMiv yidu, 

G(l6a{y ff(pcfiy, 

ff0my. 

Nom., 


Plural. 

v^Sig, 

(fCPsK. 

Gen., 

d)f4>coy, 

vfAm, 

ff(P6iy. 

Dat., 

djfAiU, 

V^iU, 

(r$i{y)~ 

Acc., 

^^oog, 

Cf^cmg, 


V., 

— 

v^oosig, 



The dialectical peculiarities of the pronouns are very 
numerous, and cannot be adequately dealt with here. It 
may be stated generally that deviations of a dialectical sort 
are similar to those made in the case-endings of nouns of the 
first and second declensions. 

(2) The Pronouns are derived from the personal 

pronouns, and are regular adjectives of the first and second 
declension. They are 


Masc. 

Fem. 


Neat. 

s^-og, 


-oy, 

mine. 

y&nrs^-og, 

-iS5, . 

~oy, 

of us two. 

^,U£rs^-og, 

-et, 

-ov, 

our. 

cro; or Tsog, 

ffyj or 

gov 

or Tsoy, tiiine. 

(X(pOHTi^-0g, 


-ov, 

of you two. 

df4,zTi^-og, 

-ot, 

-oy, 

your. 

hg or dg, 

h or 91, 

soy 

or dy, his own. 

fT(2)sTS^-Qg, 


-oy, 

their. 


These pronouns are probably formed from the inflected 
cases of the personal pronouns, except i^mrs^oSj Ot us both, 
and acpmr^og, of you both, which are derived from and 
&<pxi. They are only used by the Ionic poets, and that rarely. 

(3} The Relatwe Pronoun, dg, dj, d, who, which, has been 
J ,alre*^dy 4^1ined. It is a regular Adjective of the First and 
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Second Declension, except that it has o in the Nominative 
and Accusative Singular Neuter. 

The compound Relative oVr/s is declined with all the varia- 
tions of the simple Relative oV, and of the Interrogative r/f. 

T/j, Tih who? which? oVrf.f, o,t/, who, which, 
what ? whoever, whatsoever. 


Singular. 



Masc. 

Fern. Neat. 

Masc. 

Fern. Neat. 

Nom., 

TiSy : .. 

Tl?, Ti. 

OGTIS, 

viTig, 6 ,ti. 

Gen., 

rtpog, 

TlPOg, TiPOS. 

oiiTiPog, 

viGTiPog, ovTiPog, 

Dat., 

TiPi, 

TIPI, TIPI. 

aTiPt, 

j]TtPt, ^TlPt. 

Acc,, 

Tivee, 

TIPC&, Tt. QPTIP'Z, 

Dual. 

VIPTIPOC, 6,TI. 

N. A., 

TlPi, 

TIPS, TIPS. 

dTtPi, 

dTlPS, ^TIPS. 

G. D., 

TiyOlP, TiPOiP, TiVOlP. oiPTiVQiP, (/.ivTiPOiV, olurivotp. 

Plural. 

N. V., 

Ting, 

TIPIS, TtPCt. 

oiripsg, 

SCITIPSS, aLTlPtZ. 

Gen., 

Tiptop 

, TtPCdP, TlPOiP. 

duTlPOiP, 

mripc^p, dPTtpo)p. 

Dat., 

Tin, 

Tin, Tiri{p)* 

OlGTin, 

UlGTlffl, oiffTlGl(p). 

Acc., 

TlPOtg, TlPtZU TIPK. 

ovaTivocg, daTiPocs, utipcc. 


Similarly the Indefinites ovr/s" and no, no one, none, 
are declined. 

t/«, with the acute accent, is Interrogative, who? which? 
what? With the grave (ri?), or as enclitic without the accent, 
it is Indefinite, meaning someone, something. 

(4) The Adjectwe Pronouns are — ubros, aoTrij c&vtOj he 
himself ; aXXo, another of many. 

Avro? is declined like a regular adjective, except that the 
nominative and accusative neuter end in -o, not -oy, and the 
vocative is wanting, uvrog has the signification of self (ipse) 
in the nominative case, and when joined in agreement with a 
substantive ; but when it stands alone (^.e., without the 
article or a substantive) it answers to he, her, it (is, ea, id); 
6 uvrag signifies the same (idem). 

The meaning of uvrog varies with the position of the article, 
e.g,, ebvTo^ 6 ^scai'ksv^i, the king himself ; o oLVTog (iuffiXsvs, 
the same king ; clvtyi v d^srn, virtue itself ; ^ avr^} d^sryj, 
the same virtue. 

Singular, 


Plural. 



Masc. 

Fern. 

Neat. 

Nom., 

OVTOl, 

otvTcat, 

TiPiVTGt. 

Gen., 

TOVT&iP, 

TOVTaP, 

TOVTUtP. 

Dat., 

TOVTOli, 

TOOVTOOtS, 

TovTOig. 

Acc., 

TOVTOVS, 

TecvTc&s, 

Tdvrix. 


Its compounds r-'^’kiscovrog, so large; roiovrog, such; rvp^ 
vovro^y and roccovrog, ocvtyi, ovto, so great, are declined simi- 
larly, but reject t throughout, and sometimes make the 
Neuter in ov. 

oB:, ^ds, rods, this, that. 

Singular. 



Masc. 

Fern. 

Neat, 

Nom., 

OOgj 


toBs. 

Gen., 

TOVQS, 

TW^S, 

rcyBs. 

Dat., 

rfijBf, 

T^OS, 

r«Bfi. 

Acc., 

TQPQS, 

TYIPh, 

Toh. 



Dml. 


N. A., 


TOch, 

r<yOfe. 

G. D., 

TOIP^B, 

TMlpds, 

roipds. 


Plural. 


Nom., 

d/0£, 

uih. 

TflfiBs. 

Gen., 

TmOi, 

Tii)pds, 

T/ifpds. 

Dat., 

TOlffOS, 

TMffds, 

TOIG^S. 

Acc., 

TovtrBs, 

TCiffh, 

TdliS, 


The Greeks generally used the article with ourog (this), 
and kicsipog (that). The usual form was that the pronoun 
either preceded the article, or followed the substantive, thus: 
oiJrof 0 , this the; o, that the; e.g. rccvr/ii ryjg TroXsats, 

or T5?? W0Xf6»; 

szsim?, 73, 0 (formed from the adverb Usi, there), that 
there, or he, she, it (ille), is inflected like ezvro?. When it is 
opposed to Qvrog, it means that person or object, ovrog, this 
person, &c. The semi-pronoun aXXo?, -yj, -o, another (alius) 
is also inflected like tzvrog (see 4). 

(6) There are tliree Eejiexwe Pronouns. They are com- 
pounded of, the accusatives singular of each of the three per- 
sonal pronouns and the oblique cases of oibras (self) ; thus — 


Nom., 

Masc. 

ctvTog, 

Fern. 

(ZVTYl, 

Neat. 

UVTO. 


^'E.fZiiVTOV, 

of myself. 

Gen., 

ceVTOV, 

GtVTYiS, 

e&UTOV. 

N. (iyo) 

Singular. 

Plural. 

Dat, 

oiVTca, 

OtVT'^, 

avT<^. 

avTog), (ly&i »vt-/i\ 

^fcsig (zvToty hg^stg ecvreei. 

Acc., 

CtVTOP, 

OiVT7}P, 

Dual. 

OtOTO. 

(jr. SfZtCCVTOV, SfZOCUTYiS. 

D. SfiOOtVT^, IfZGtVTT). 1 

7]fC&iU ocvrcjp, ^fz&ip OOVT&iP. 
^fClP OtVTOli, 73fZlP GtVTCOlSi 

N. A., 

cevTa, 

t&VTtZ, 

etvTO}. 

A. iU.ce,VTQP, IfZeLVTm. \ 

%U,C6? OtVTOVS, GCPT^S . 

G. D., 

etvTOiP, 

etvTe&ip, 

Plural. 

OCVTOIP. 


I.SX.UTOV, of thyself. 

Singular, 

Nom., 

ecvTOi, 

CUVTCtt, 

avToc. 

N. 

(cry »VTOg), 

(cry (AVT 73 }. 

Gen., 

UUTGiP, 

oLvrau, 

uurm. 

G. 

ffSXVTOV or aStVTQU, 

aiccvTT}? or ruvTYig. 

Dat., 

ctvTOig, 

ecvTo&ts, 

(ZOTOtS. 

D. 

asctvra or aotvTa, 

asctvT'^ or o'auT73. 

Acc., 

seVTOVS, 

C&VTCCS, 

SCVT06. 

. . A. ■ 

1 

(TSoeVTOP or aoeVTOP, 

ffSCeVT. p or G(&VTnP> 


(5) The Demonstrative Pronouns bxq, ovto% generally equal 
to this, that (iste\ oBs, roBs {hie), and hz^ivag, 73 , 0 (ille). 
The article 6, 73, to was originally a demonstrative ; aurog is 
sometimes a demonstrative, ovrog, this, is compounded of 
the Article and etvros, and proceeds by a very irregular in- 
flection, thus : — 


Plural. 


V. 

vfAStg avTOi, 

Vizen 

e&VTCti. 

G, 

UfAxy ezvTcop, 

VfAtXP 

avr&ip. 

D. 

v/ztP ocuTOig, 

VfZlP 

avTOCig. 

A. 

U/ZOtS »VTOVS, 

VfAC&S 



*Eoovtov, of himself. 


ovTog, civrri, tovto, this. 
Singular. 



Masc. 

Fem. 

Neat. 

Nom., 

oVTog, 

eiVTTi, 

TOVTO. 

Gen., 

TOVTOV, 

TtZVTm, 

TOVTOV. 

Dat, 

TOVTfa, 

Tc&vT'ij, 

TOVT(^. 

Acc., 

TOVTOP, 

Tee,vT7lP, 

TOVTO, 



Dual. 


N. A., 

T0VTO3, 

TOtVT», 

TQVT&i. 

,G. D,, 

TOVTOIP 

, TOCVTlXiP, 

TOVTOiP, 


N. {dtVTog), 

G. ItzvTOv or cevTov, 
D. h»vra or e&irra, 

A. SUVTOV or (ZVTOV, 

N. ((r(pug uvroi), 

G. Itzvroiy or cavrajp, 
D. kxvrotg or ccvroi?, 
A,.s»vtov? or Mvroug, 


Singular. 

(otvTT}), (o&vro). 

sotvTYig or oevTYig, setvr^.v or cevrou. 
scevTV} or c&vr.^, scivT^ or oevr^. 

tClVTTlU OJ OiVTTiP, SOC’JTO QV IZVTO. 

Plural. 

{fi(pug c&vToci), (<!<p2oe, otvra,). 
kucvrav or oLvrm, seturav or oovretp. 
mvrutg or koevrotg or avrotg, 

savToc<i or oci/rec:-, ketv'T'oe. or ociirac. 
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The definite article is kept separate for the clearer marking 
out of the persons; as or eivro? I myself; 

ffv asyrof, you yourself; ecvroty we ourselves, &c. Also, 
avTOdu, e^KTiv &c. 

(7) Th.^ indefinite negative pronouns are— oyr/?, f^virtg, no 
one; oy^sTsgoj, none of the two, neither, neuter. 

The pronominal compounds of s/?, wtmy ovhfciu, ovhy, and 
/auBgiff, no, none, not even one, are inflected 

like the simple numerals ds, in the singular, and 

have the dual and plural regular. They are often written 
separately, thus— odSe sU, and fityjh sh, &c. Thereby their 
negative signification is intensified. 

The Reciprocal c 6 AAj 7 Xo/i#, &c., of one another, is formed 
from dTi'Aos. It is used only in the oblique cases of the dual 
and plural numbers, and is thus declined: — 


Dual. Plural. 


Masc. 

Fern. Neut. 

Masc. Fem. 

Neut, 

G, dXhvihQiVj 


-oiv. 


-6tV, 

D. (xXK/^otVj 


-Oilf. 

dTOiYiT^Oigy 

-0/5. 

A. 


-fit). 

dXkvfAOvgy -flcs, 

-ce.. 


A Reciprocal pronoun implies that each person executes 
the act on the other. 

The Interrogative pronouns are r/j, n, who? which? 
what? iro^og-, iss, oy, of what nature? of what sort? (generally 
implying surprised anger); ^rotros, of what value? at what 
price? how far? and -rorgpo?, whether (of two)? 

*A|tt(p<w, both (of individuals, armies, nations, interests, &c.), 
is declined only in the Dual; N., A., V., dutpor, G. and D., 
dfA(poiv. It is sometimes joined with a plural verb. 

Among the pronouns may be classed the Indefinite Ss/vct, 
such an one, what's his name? &c. (when one cannot or 
will not mention the name). It has always the article pre- 
fixed, and is probably nothing else than a contraction of o 
h slsj Toy gyoff, &c. It is sometimes indeclinable. 


Singular, 



Masc. 

Fem. 

Neut. 


Norn., 

0, 


TO 

Sg/m. 

Gen., 

Toy, 

rm, 

TOV 

hiyog. 

Dat., 

Tfit), 


Tip 

OSiVl. 

Acc., 

TOV, 

rmvy 

Plural. 

TO 



Besides these there are other pronouns used in pairs, as In- 
terrogative and Responsive, Antecedent and Relative; such as 


TO, the. 

TotovTogj roiog^ of the kind. 
racrovrog, roaos, of the number. 
rvjyiiXQg, of the size, 
wo/of, of what kind? 

•TTOffog, of what number? 
TryfkiKQij of what size? 

'jTYjutxos, of what time? 


d, which? 

o/o?, of which kind? 
offog, of which number? 
vjTiizog, of which size? 
oVofo?, of which kind? 
oVo*706, of what number? 
o^viT^mos, of whatever size? 
oTVjtfiJcogj of wliat time? 


These pronouns are called correlative because they have 
always a relative expressed or understood — in connection 
with which there is also an interrogative and indefinite 
pronoun. 

Interrogatives are characterized by an initial w; this is 
changed in Responsive and Demonstrative pronouns into r, 
and in Responsive and Relative ones into an aspirate. T. K. 
Arnold exhibits them simply in this tabular form:— 



Interrog. 

Indefinite. 

Demonstrative, 

Relative. 

(size) 

Tocrog 

TTOOrOf 

roGog 

OGOe 

(quantity) 



rO-iOGhi 

! oVocros 




TOGOVTOg 


(quality) 

XOiOS 

^o/og 

Totog 

o/os 




roiOGOt 

oVo/Off 

(age) 



roiwrog 


'jTvikix.og 

TT'^T^iKOg 

TJjA/Jtog 


(size) j 



T>5A/»0(7^g 





1 rn‘^iy»ovrog 

OTTYlhiZOg 


He adds that adverbs form also a similar correlative series. 


Interrog. 

Indef. 

Demons, 

Relat. 

GTOTs, when? 

(Enclitics.) 


Simple, 

Comp, 

-TOTg 

Torg 

hrs 

OTTOrS. 

TToy, where? 

Toy 



ov 

OGTOV. 

rroi, whither? 

TCOi 

— 

oi 

OGTOi. 

whence? 

rrohv 

(rodiv) 

odsy 

OGTO^Sy. 

Gircog, how? i 

GTY], in what direc- 

GTC^g 

■ (Ti’J?) 


OGTOig. 

tion? how? 

GCTi 

i (t»j) 

V 

hrrvi* 

'TTjjw/jtfi*, at what time 




of the day? 

— 

rmyiy-ot 




Nom., oi, — — osivsg. 

Gen., Tuu, — — 

There are two indeclinable pronouns used for the accusa- 
tive singular and plural of all genders, viz. fnv and viv — the 
former by the Ionic writers in general and the Attic poets, 
the latter by the Attic poets only. The poets also use cCps. 

There are three pronouns f atrial that refer to country 'or 
place. They are compounds of vf^og, for hf^tn^og and 
y^werggos, and woj, from the ground, the genitive 

being shortened into 'huTrog) as of our country, our 

countryman; vf/.£Oi»ro<s, of your country; dxxo^otTros, of a 
foreign country, <&c.; crooaTOf, of what country? where bom? 


The correlative pronouns may take the conjunctions Sjj, 
lyiTTfjTij and oy> in the sense of ever {cunque), and the en- 
clitic oarig oyittots, whosoever; oaTrspf whoever, &c. 

The following words may also be regarded as in some sort 
pronominal relatives and correlatives; — 


0 , the man. 
ovrogy this man. 

•TTMvrcc, all things, 
every one. 

Toy^s, to this point. 

'fcccvTotog, of all kinds. 


og, who ; or offr/g, whosoever. 
hg, who. 
ha(», which. 
offTig, whosoever. 
sg oG-oifj up to which, or as fas 
as. 

o/65, wliatever. 
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, ENGLISH LITE'KATU'RE.—CHAPTEE VI. ■' 

aAIiLADS — HAWES, BAEKLAY,' HAEBYNGE, SIvEETOH — ^EAEET 
COEBEOTIONS OF MISCELLANEOUS POETEY — PEOSE WEITEES : 
BEENEES, WOOBVILLE, LELANB, PABYAN, EECOEBS, WILSON, 
BELLENBEN, CAVENDISH, STOEEE, ELYOT, MORE, CHEKB, 
AND ASOHAM. 

Ballads aie the poetry of the people. They embalm the 
passionate and the picturesque of common life. Emotions 
naturally associate themselves with romance, and poetry is 
tlie expression of life quickened by earnestness of feeling. 
The lights and shadows of life and society, transfigured in 
the heart, issue thence in song, enrich the mind, refine the 
heart, and delight the imagination. Prom the earliest times, 
special fragments of experience have been taken up and 
polished into the pellucidness of poetic presentation. In 
this form they were carried over a whole land, and the 
minstrel who had most of them was welcome in city and 
village, at grange and farm, in hall and hostel. These sliort, 
simple, metrical stories, having in their incidents a living 
charm for the emotions, became popular everywhere. The 
elastic rliythm and ready resonance of the bpvllad aid the 
memory and adapt themselves to any theme. Primarily 
transmitted as they are by traditionary repetition and recita- 
tion, they rarely acquire, in the earlier ages of a nation, the 
fixed importance of literature. In the course of time, how- 
ever, the interest and enthralment of the ballad attract 
attention and induce imitation. The simplicity of their 
language, the directness of their style, and the striking 
rapidity of their narrative, excite the admiration of those 
who possess the gift of artistic expression, and awaken 
emulation. Between the age of Chaucer and that of the 
next great creative English singer, Spenser, many ballads 
seem to have put into pithy phrase and jaunty melody some 
record of the familiar feelings, popular usages, striking inci- 
dents, favourite pastimes, and political prepossessions of the 
commuBity. Of this popular peasant poetry, a large mass 
was unprinted, and even wlien printed the broadsides on 
which it appeared were seldom preserved longer than till 
the matter they contained was passed from letterpress to 
memory. Only occasionally are tlie efforts of those minstrels 
of the masses recoverable; though the labours and researclies 
of antiquaries have resulted in the gathering together of 
numerous collections of singularly diverse specimens of these 
simple and perspicuous popular narrative poems, in which are 
embodied the legends, traditions, incidents, and recollections 
of social, national, or individual life. Of such a sort are the 
free, joyous, and manifold rhymes of 

“ Bold Robin Hood and all his band — 

Friar Tuck, with quarterstaff and cowl, 

Old Scathelocke with his surly scowl, 

Maid Marian fair as ivory bone, 

Scarlet and IMuteb and Little John,” 

of which a collection was printed as “ A Lytel Geste of 
Robin Hood,” by W ynkyn de Worde, about 1496. Historical 
ballads like Chevy Chase,” “Sir Andrew Barton,” “Fair 
Rosamond,”' “‘The Miller of Mansfield,” “The Tanner of 
Tam worth,” &c., are numerous; so, though, in that time, 
more sporadic, desultory, and unorganized than they after- 
wards became, w^ere political satires, of which there were 
swarms and volleys. These songs were disseminated in a 
very curious mariner. “They were,” as James Hannay says, 
“scattered like thistle seed on the roadsides, to be picked up 
by passengers.”' Of the old jollity and rude humour of antique 
life in England a good many ballads survive. In 1564-55, 
under Philip and Mary, “ Rimes and Ballades intending and 
practising thereby to move and stir seditions, discorde, clis- 
sentioun, and rebellyon,” were interdicted and severely pro- 
ceeded against. That such productions enjoyed great popu- 
larity is evident from the number of them which have been 
found copied into the note-books of collectors of good things, 
and which have been published under such editorship as that 
of Ramsay, Percy, Herd, Finlay, Scott, Jamieson, Mother- 
well, Aytoun, Bell, Laing, Chambers, Bbswmrth, Child, &c. 

The influence of tlie ballad made itself strongly felt on 
literature. Its romantic beauty, its pathetic tenderness, 
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its singular simplicity of style, its earnest hero-worship, 
its power of seizing upon salient points, its brief pro- 
verbial moralizings, and its vivid realization of life, led 
bards to feel that poetry to be popular must deal largely with 
the infinite variety of human experience, and however com- 
plex the coil may be, it must be such as excites the human 
sympathies of the heart. 

Stephen Hawes, the dates of whose birth and death have 
not yet been precisely discovered, but who flourished 1483- 
1512, proclaimed himseK as a direct disciple of “the monk of 
Bury, flower of eloquence,” anxious 

“To follow the trace and all the perfectness 
Of my master Lydgate.” 

He was descended from the Hawes of Hawes in the Bushes, 
Suffolk, and was a student of Oxford. He travelled through 
England, Scotland, and Prance, was one of the gentlemen 
of the chamber to Henry VII., by whom he was much 
esteemed for his facetious discourse. His cMef work, “ The 
Passe-tyme of Pleasure,” was printed in 1517 by Wynkyn 
de Worde, who characterizes the author, in the preface, as 
“ a man of a pleasantte witte and singular learnynge, wherein 
thou shalt finde, at one tyme, wisdom and learnynge, with 
myrthe and solace.” It is a long-drawn-out allegory, in which 
Grand Amour, walking in a meadow, comes to a cross way 
which showed on the right the “waye of contemplation,” 
and on the left the “ waye of worldlye dignitye.” On the 
latter he set out, sat down to rest, slept, and next morning 
met Fame, environed with tongues of fire and accompanied 
by two greyhounds — Grace and Governance. At “the goodiye 
ladye ” he inquired the way “ unto the towre of famous Doc- 
trine.” Fame shows how influential she is, and gives Mm 
her greyhounds as guides to La Bel Pucell, in the tower of 
Countenance; “the goodly portress” leads him to Dame Doc- 
trine, who sends him onward, to Grammar. He goes there- 
after to Logic, Rhetoric, Invention, Arithmetic, and Music. 
In the tower of Music he met La Bel Pucell, made love tc 
her, and was “ fairely entreated.” He fared forth to Geometry 
and Astronomy. After leaving the tower of Science, he 
entered the hall of Chivalry. Here Minerva introduced 
him to Melyzyus. Then he went to the temple of Venus, 
who gave him a letter to La Bel Pucell The giant Gobelive 
accosted Mm, and led him to the house of Correction. 
Perseverance brought him to Dame Comfort. Afterwards 
he married La Bel Pucell, and long lived happily with her. 
At last he was overtaken by Age, and was persecuted by 
Policy and Avarice. Death came with a summons to Grand 
Amour, and Remembrance wrote an epitaph on him. 
The poem includes two fabliaux from the French. All 
along its pilgrim’s progress, through study, activity, gen- 
tility, suffering, and sorrow, the allegorical signification is 
very well kept up, with the design of enabling the author to 
command men to arise — 

“ Out of your sleep of mortal heavinesse, 

Subdue the devil with gi’ace and rneeknesse, 

That after your life, frail and transitory, 

You may then live in joy perdurably. 


S'o, famous poets did us indoctrine 
Of the right way to be intellective ; 

Their fables they did so right[ly] imagine, 

That by example we may Void the strife, 

And without mischief for to lead our life, 

By the advertance of their stories old, 

The fruit whereof we may full well behold.” 

Hawes also wrote “The Exemplar of Virtue” — goodly stories 
and natural disx^utations between four ladies named Hardi- 
ness, Sapience, Fortune, and Nature — printed by Wynkyn 
de "Worde, 1531 ; “ The Delight of the Soul:”, “The Consola- 
tion of Lovers;” “The Conversion of Swearers;” and, accord- 
ing to some authorities, “ The Temple of Glasse,” but Hawes 
attributes that poem to Lydgate, saying — 

The tyme to passe 

Of Love, he made the bright Temple of Glasse.” 

In. “A Controversy between a Lover and it Jay,” by 
1-2 
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Thomas Feylde, this wiiter is mentioned along wth Chaucer, 
Gower,' and Lydgate, thus:— ' 

“ Young Stephen Hawec; (whose soul God pardon) 

Treated of Love so clerkly and well, 

To read his works is mine affection, 

Which he compiled of La Bel PucelL 
Remembering stories fruitful and delectable.” 

Alexander Barklay was, I)r. William Buileyn informs us, 
in Ms “ Dialogue, both pleasant and pitiful, wherein is showed 
a goodly Regimen against the Plague, with Consolations and 
Comforts against Death” (1564), born beyond the cold river 
of Tweed.” In 1495 he was a student of Oriel College, 
Oxford. He seems to have spent ids early days near Croydon, 
in Surrey. On the Continent lie acquired a knowledge of 
Dutch, German, Italian, and French. For the better diffu- 
sion of the last-named he issued “ The Introductory to write 
and to pronounce French” (1521). Thoma,s Cornish, bishop 
of Tyne, patronized him, appointed him Ms chaplain and one 
of the priests of St. Mary at Ottery College. He is said to 
have passed from the order of St. Benedict to that of 
St. Francis, and when his monastery was dissolved to have 
been made vicar of Buddow Magna in Essex (1546), and 
subsequently also of the Church of St. Matthews at Wokey, 
Somersetshire. He was translated to the vicarage of All 
Saints, Lombard Street, London, 30th April, 1552, and a 
few weeks afterwards, having attained a great age, died at 
Croydon — his will having been proved 10th June, 1552. 

Barklay added much to the copiousness of the English 
language, of wMch he was one of the refiners. He was 
admired for writ, learning, eloquence, and fluency. He trans- 
lated some of the ‘^Eclogues” of the Mantuan bard, also 
“The Wars of Sallust;” and, at the request of Sir Giles 
Aiyngton, Knt., Dominic Mansini’s “ Mirror of Good Man- 
ners” for “the Juvent of England” from the Latin: and 
“The Castle of Love” — an allegorical poem showing how 
Lady Reason overcomes Despair, Poverty, &c., and leads on 
to Riches, Virtue, and Honour — from the French. When 
Barklay was a monk in Ely he translated and dedicated to 
Bishop West some “ Lives of the Saints” — Margaret, Kath- 
arine, Etheldreda, George, Thomas, &c. “ The Miseries 
or Miserable Lives of Courtiers,” we presume, was a prose 
treatise, as was also “ The BTgure of our Mother Holy 
Church oppressed by the French King.” Barklay’s (fifty) 
“ Eclogues” are the earliest specimens of that species of 
pastoral poetry in English. Their language is polished and 
their moral precepts high for the age, for example: — 

“ Joy not in malice, that is mortal siime ; 

Man is perceived hj language and doctrine ; 

Better ’tis to lose, than wrongfully to winne ; 

He loveth wdsdom which loveth discipline ; 

Rash enterprises oft bringeth to mine ; 

A man may contend, God giveth victory ; 

Set never thy mind on that which is not thine ^ 

Trust not in honour, all wealth is transitory.” 

Barklay’s most important addition to literature was, how- 
ever, The Shyppe of Fooles.” By it, he greatly helj>ed to 
impress grace and harmony on English verse The work is 
a translation “out of Latin, French, and Dutch,” from the 
“ NarrenscMff” {Navis Stultifera) of Sebastian Brandt, the 
satirical syndic of Strasburg, who led off the humour of the 
sixteenth century. It ridicules the vices of every rank and 
profession, under the allegory of a ship freighted with fools, 
to the number of 113, who came from all quarters, wading 
and even swimming to get on board. No one who suspects 
Mmself a fool is admitted, only those who imagine themselves 
to be wise. On each one a cap and bells are fitted. The 
author himself leads off as the book fool, who having too 
many books — books which he neither reads nor understands — 
still goes on buying more. Miser fools, dandy fools, old fools, 
ambitious fools, &c., are limned to the life. The original, 
written in the Alsatian dialect, was translated thence into 
Platt Deutsch and Latin, and transfused into High German 
and English. An incidental indication of Barklay’s nation- 
ality appears in a long and laboured encomium on {Jacobus) 
James IV., whom he highly compliments for courage, prudence, 
and virtue. One of the stanzas contains this, acrostic:— 


“ Jn prudense peerlesse is this most comely kiuge, 
rind as for his strength and magnaniinitie, 

Goncerninge his noble deedes in everythinge 
One found on gi’ound, like to hym cannot be. 

Bj byrthe horn to boldnesse and audacitie ; 

Z/nder the bold planet of hlai's, the champioun 
i^urely to subdue his enemies cache one.” 

Barklay represents the ignorant bookworm self-descrip- 
tively saying — 

“ Lo, in likewise, of bookes I have store, 

But few I reade and fewer uiiderstaiide ; 

I follow'' not their doctrine nor their lore, 

It is enough to be a booke in haude ; 

It were too much to be in such a lande 
For to be bound to looke within the booke, 

I were content on the fayre covering to looke. . 

Still I am busy books assemblyinge, 

For to have plentie, it is a pleasant thinge, 

In my conceite to have them aye in hande ; 

But wliat they mean I do not uiiderstaiide. 

But yet I have them ingreate reverence 
And honour, savinge them from filth and ordure 
By often brushing and much diligence ; 

Full goodlye bounde in pleasant coverture 
Of damask, sattin, or els of velvet pure ; , 

I keepe them sure, fearinge they should be loste. 

For, in them, is the cunning wherein I me boaste: 

But if it fortune that any leaniede man 
Within my house fall to disputaeion 
I drawe the curtaines to showe my bookes than, 

That they of my cunning should make probation ; 

I love not to fail in altercation. 

And while they commune, my books I turne and wiiide, 
For all is in them and nothinge in my raiiide.” 

“ The Shyp)pe of Fooles,” although less graphic and humor- 
ous tlian Chaucer’s “'Prologue,” may to a certain extent be 
regarded as holding a parallel place in regard to Barklay’s 
age with poetical portraits of many of the characters then 
abounding, given with an intensifying touch of the ridiculous. 

John Hardynge, who, in the opinion of Thomas BMller, “ liad 
drunk as hearty a draught of Helicon as any in his age,” 
wrote a “ Metrical Chronicle of England, from the earliest 
times to the reign of Henry IV.,” which, though laboriously 
compiled, forms remarkably unattractive reading unless it be 
regarded as a sort of chanting |jrose. He was of Yorkshffe 
descent, served under the Percys, and fought under the 
banner of Harry Hotspur in the battle of Shrewsbury, and 
was Mmself eyewitness of some of those scenes of wMch lie 
makes record. 

John Cains (or Kaye), poet laureate to Edward VI., 
translated “The History of the Siege of Rhodes,” but, 
perhaps fortunately for his fame, none of the poems of the 
idng’s versificator remain to prove his right to the laurel, 
although much could scarcely have been expected from a poor 
poet whose salary was fivescore shillings a year. 

John Skelton, said to be descended from the Skeltons of 
Cumberland, was born about 1460, educated at Oxford, and 
became Oxonim poeta laureatus — perhaps prize-poet at the 
university. He was tutor to Prince (afterwards King) 
Henry (VIII.), and Erasmus regarded him as “the light and 
glory of British literature” in his time. Having taken holy 
orders, he was made rector of Dysse, in Norfolk; but having 
married — a crime at that time against ecclesiastical law — 
Richard Nykke, bishop of Norwich, suspended him from 
exercising priestly functions. His satiric poetry is a sort of 
hilarious jingle— nimble, sparkling, vivacious, powerful, reck- 
less, and somewhat buffoonish. The language he uses is 
spirited, unrefined, and rattling, with a Idnd of tambourine 
rhythm about it which gives it jauntiness and effect. In 
1498, he wrote “ Verses on the Creation of Arthur, Prince 
of Whales,” and in his “ Garland of Lawreil,” he claims that 
when he was Henry VIII.’s tutor, 

“■ A tretyse he devised a-nd brought it to pass. 

Galled “ Speculum Principiis,” to here in haude, 

Therein to read, and to understande 
All the demeanour of priiicelie estate.” 

He composed elegies on the death of King Edward IV. 
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(1484), and on that of the Earl of Northumberland (1489). 
“A most moral interlude and a pitliie/b entitled ^‘The 
Necromancer,” was played before King Henry VII. and the 
“ other estates,” at the royal manor of Woodstock on Palm 
Sunday, 1594. It is a dramatic satire on the abuses of the 
church. The characters are a Necromancer, Satan, a Notary 
Public, Simony, and Greed. The two last-mentioned are 
brought to trial before Satan as judge, the notary acts as 
assessor, witnesses are examined, the prisoners are found 
guilty and ordered at once into dismal torment. Another 
“ goodly and merry interlude,” the moral purpose of which 
was to show the vanity of earthly grandeur, was probably 
composed for Henry VII. It is entitled “ Magnificence.” Its 
dramatis personce are Felicity, Liberty, Measure (Modera- 
tion), Counterfeit Countenance, Crafty Conveyance, Cloaked 
Collusion, Courtly Abusion, &c. These shadowy characters 
speak about 2600 short rhymes. “ The Bouge (bouche) of 
Court ” is an allegorical pageant, in seven-lined stanzas, in 
which Riot, Dissimulation, Disdain, &c., are personified in 
hard, heavy, laboured, and serious verse. “The Boke of 
Colin Clout.” is a roughly rhymed six-syllabled satire on the 
clergy. “ Speake Parrot ” is a piquant tirade in the Chau- 
cerian stanza of seven lines. In it, Henry VIII. is satirized 
as Boho, and Cardinal Wolsey as Bough-ho — two dogs of 
the court of whom the parrot speaks his mind very freely. 
“Why come ye not to the Court?” is an exceedingly bitter 
attack on Wolsey, with whom he had been on teims of great 
friendliness when he wrote his “ Goodly Garland or Chaplet 
of Lawrell.” On account of these attacks the cardinal be- 
came exceedingly enraged at Skelton, and took measures for 
his apprehension. He, however, fled into sanctuary at 
Westminster, of which his old friend John Islip was abbot. 
There he probably remained tOl his death, 21st June, 1529. 
He was interred in the chancel of St. Margaret’s, West- 
minster, WMle he was in sanctuary, Skelton employed 
himself in copying and collecting the epitaphs of the kings 
and royal personages buried in the Abbey, and in composing 
verses to their memories. Caxton in the preface to his 
“jEneid” (1490), notices “Mayster John Skelton, late 
created poete laureate, in the Universitye of Oxenforde, who 
hath latelie translated the Epystles of Tulle (Cicero), and the 
Boke of Diodorus Syculus, and dyvers other works, out of 
Latin into Englyshe,” He composed numerous minor poems 
and ballads — one a coarse half-tipsy stave on “ The Tunning 
A Bleanour Eummyng,” who, he informs us, “ dwelt in 
Sothray, in a certain street beside Leatherhead,” about 8 
miles from Nonsuch Palace. She was 


“ Ugly of cheer, 
Her face all bowsy, 
Wonderfully wrinkled. 
Her eyeu bleared, 

And she gray-haired. 


She breweth nappy ale, 

And maketh thereof fast sale 
To travellers, to tinkers, 

To sweaters, to swinkers, 

And all great ale drinkers.” 


And another a rather lively canzonette on Miss Margaret 
Hussey, the first part of which runs thus : — 


Merry Margaret, 

As midsnminer flower, 

Gentle as falcon 
Or hawk of the tower ; 

With solace and gladness, 
Sluch mirth and no madness. 
All good and no badness 5 
So joyously, 


So maidenly, 

So womanly 
Her demeaning 
In everything, 

Far, far passing 
That I can indite. 

Or suffice to write, 
Of merry Margaret.” 


“A Ballade of the Scottysche Kynge” [James IV.], on the 
Battle of Flodden, seems to have been written on the very 
first news being received, for the 


“ Special consolacion 
Of aU our loyal Englyshe nacion.” 


Catullus, in an elegy on the death of the sparrow of his 
mistress Leshia, embodied in its lines more of the graceful and 
pathetic than are to be found in any equal number of verses 
in the Latin language. Though, perhaps, Skelton caught the 
original suggestion for his “PhyUyp Sparrowe” from the 
poetic lover of the sister of Clodius, he has not incorporated 
in it the graphic grace of the Veronese versifier. It is the 
sad bemoaning of Jane Scrope for her pet sparrow Philip, 


whom a cat has killed. He closes the poem with an epitaph 
in Latin on the slain pet, and lines in commendation of Miss 
Scrope. In the course of his rhyme he gives us the following 
opinion of the state of the English language in his time— 

“ Our natural! tong[ue] is rade 
And hard to be enneude 
With pollyshed termes lusty ; 

Our language is so rusty, 

So cankered, and so Ml 
Of foiwardes and so dull, 

That if I wolde applye 
To wryte ornately, 

I wot not where to finde 
Termes to serve my minde. 

Gower’s Englyshe is old, 

And of no value told ; 

His matter is worth gold, 

And worthy to be enrolled ; 

In Chancer I am spede, 

His “ Tales ” I have read ; 

His matter is delectable, 

Solacious and commendable ; 

His Englyshe weU allowed, 

So as it is emprowedl—duiy proved], 

For as it is employed, 

There is no Englyshe voyd, 

At those days much commended, 

And how would men have amended 
His Englyshe, whereat they barke, 

And mar all thy warke ; 

Chaucer that famous clerke, 

His termes were not darke, 

But pleasand, easy, and playne, 

No words he wrote in vayne.” 

The oldest of our (printed) collections of miscellaneous 
poetry appeared 5th June, 1557. It bore the title of “ Songes 
and Sonnettes, written by the ryght honourable Lorde Henry 
Howard, late Earle of Surry, and Other. Apud Richardum 
TotteL” It appeared cum primlepio, curiously enough, in 
the very heat of the Marian persecutions, when Cardinal Pole 
was archbishop of Canterbury, and its popularity was so 
great that it went through eight editions in thirty years. 
Herein were hived the best attainable products of the poets 
during the thirty years preceding its issue. In its pages are 
included forty poems by the Earl of Surrey, ninety-six by 
Sir Thomas Wyatt, forty by Nicholas Grimoald — chaplain to 
Thomas Thirleby, bishop of Ely, and (Arber conjectures) its 
editor — ^and one hundred and thirty-four pieces by other 
authors. Among these were Thomas Churchyard, who tells 
us in Ms “ Challenge” (1593), “Many things in the booke of 
“ Songes and Sonnettes printed then were of my making;” 
Thomas, second Lord Vaux of Harrowden; Edward Somer- 
set, fourth earl of Worcester; John Hey wood, the early 
dramatist; and Sir Francis Bryan, nephew of Lord Berners, 
and chief justiciary of Ireland, whom Michael Drayton men- 
tions as having had “ a share” in “ these small poems,” which 
contain “ many passages of dainty wit.” It has been con- 
jectured that some of the “Rhythmi Elegantissimi” of 
George Boleyn, earl of Rochefort, and brother of the unfor- 
tunate Queen Anne Boleyn, have a place in this miscellany. 
Ritson assigns to him what Campbell calls “ one of the most 
beautiful and plaintive strains of our elder poetry,” “ 0 
Death rock me on Sleep.” One of the.Harrin gton MSS., 
reprinted as “ Nugse Antiques” (1804), expressly states that 
a very graceful and tender set of verses are due to his pen. 
They commence thus — 

“ My lute awake, performe the last 
Labour that thou and I shall waste 
And ende what I have now begonne ; 

And when this song is snnge and past, 

My lute be styll, for I have done.” 

Warton credits Sir Thomas More with the following pointed 
epigram, perhaps the earliest in our language: — 

A student at his booke so placed, 

That wealthe he might have won, 

From book to vrife did flit in haste: 

From wealthe to woe to run. 
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Now, who hath played a f eater cast, 

Since juggling first begun, ^ 

In of himself BO /asj^e, 

Himself he hath undone,*'' 

A sad memorial of the popularity of Tottel’s miscellany 
may be mentioned. Mary Queen of Scots, when imprisoned 
In Potheringay Oastie, wrote, with a diamond, on a window 
there, the closing lines of the first stanza of one of the anony- 
mous compositions in it, beginning — 

“ To this my song give eare who list, 


Ah from the top of all my trust, 

Mishap hath thrown me in the dust.” 

The success of this miscellany speedily led to the issue of 
other collections of floating and fragmentary verse, such as 
Thomas Howell’s “ Arbor of Amitie,” wherein is comprised 
pleasant poems and “prettie poesies,” published in 1568. 
Howell modestly hoped that amid the storms of criticism — 

“ His hulk such port shall finde, 

When storms be past, as will contente his minde,” 

One copy alone is known. It is in the quiet haven of the 
Bodleian Library. Next came “The Paradyse of Hayntye 
Devises” (1576), of which eight editions appeared in the next 
twenty-four years. It was edited by Richard Edwards, a 
Somerset man, student of Corpus Christi and of Christ 
Church, Oxford, where he became M.A. in 1547. He was 
a member of Lincoln’s Inn, one of the gentlemen of Queen 
Elizabeth’s Chapel, and master of the choir cliildren there. 
He was an excellent musician, a poet, and a playwright. 
His “ Damon and Pytlnas ” was performed at the court and 
in the universities, and “ Palamon and Arcite ” before Queen 
Elizabeth, in Christ Church Hall, by the gownsmen of the 
university. He died 30th October, 1566. For “ the most 
part,” the title bears, the contents of the “Paradyse” were 
composed by Edwards; but verses by Edward Vere, earl 
of Oxford; William Hunnis, author of “Seven Sobs of a 
Sorrowful Soule for Sinne;” Jaspar Heywood, translator 
of three of the tragedies of Seneca ; Lord Vaux, Francis 
Kynwelmersh, R. Hall, R. Hill, Lodowycke Lloyd, T. 
Marshall, Thomas Churchyard, D. Sand, E. G. M. Yloop, 
and some others, appear in it. 

“ The Grorgious Gallery of Gallant Inventions” (1578) was 
edited and in large measure composed by Thomas Proctor, 
author of a “Treatise of Heavenly Philosophy,” and Owen 
Roydon, a fairly able rhymer of that time. “A Handfiiil of 
Pleasant Delites” (1584), but probably projected in 1566— 
as at that date “ A Boke of Very Pleasaunte Sonnettes and 
Storyes in myter ” is noted in the Stationer’s Registers as 
by Clamant Robynson — ^contains, besides poems by the editor, 
verses by L. Gibson, R. Jones, G. Mannington, J. P(roctor), 
P. Picks, T. Richardson, J. Thomson, and others. “The 
Phoenix’ Nest” (1593) is an attractive and interesting collec- 
tion of seventy-nine dispersed verses, by several authors, 
such as Peele, Greene, Hodge, Watson, Breton, Sir William 
Herbert, &c., made by R. S. (of whose personality no certain 
knowledge has been gained). AIT these works show that 
there were poetical fancies afloat in the air, and men of 
poetic power among those who lived in the Tudor times. 

Surrey, though not a great poet, was an influential one. 
To him we owe the introduction of a taste for the rhythmical 
music of Italian versification and bell-like intonations of the 
sonnet. He is at once chaste and delicate in thought, soft 
and ornate in style, select and simple in matter, and expresses 
the gentler passions in fine melodious cadences, though he 
cannot awake by his lyre the ruder and more potent of the 
energies of emotion. He was oiu* first writer of (non-dramatie) 
blank verse. He added to illustrious ancestry the still nobler 
glory of genius and worth. 

Sir John Howard was raised by Richard III. to the duke- 
dom of Norfolk, and at the same time his son Thomas was 
created Earl of Surrey. On the fatal battlefield of Bosworth 
“Jockey of Norfolk” fell, and Henry VII,. held the title as 
forfeit. To his son, however, the earldom of Surrey was restored 
in 1489, and when he had won Flodden^ Earl Thomas was 
created Duke of Norfolk (1514). Ten years afterwards he 


died, and w'as succeeded by his son Thomas, who, by his 
second wife Elizabeth Stafford, eldest daughter of Edward, 
duke of Buckingham, became the father of the poet Henry 
Howard. He was bom about 1516, and was brought up in 
infancy at Tindriiig Hall, in Suffolk. He was carefully 
trained under the care of John Gierke, author of a theological 
tractate in Latin, “ On the Resurrection of the Dead and 
the Last Judgment” (1545), which is dedicated to Ms pupil, 
as well as a secular “ Treatise of Nobility^” dedicated to his 
pupil’s father (1543). He was acquainted with Latin, Italian, 
French, and Spanish. In 1526 he was appointed cup-bearer 
to Henry VIIL He accompanied that king to the Field 
of the Cloth of Gold (1532), bore the fourth sword at the 
coronation of Queen Anne Boleyn (June, 1533), and was 
companion to the Duke of Richmond while studying in 
Paris. At Windsor also, as he tells us— 

“With a king’s son my childish years did pass,” 

Early in 1532 Surrey was contracted in marriage to Lady 
Frances Vere, daughter of Jolni, earl of Oxford, and in 
1536 the ivedding took place. His eldest son Thomas was 
born 10th March, 1536. After the death (July, 1536) of 
Richmond, who had married his sister, Surrey set out on his 
travels through Southern Europe, conducting himself, Michael 
Drayton tells us, as “prince and poet (a name more divine),” 
and proving himself to be “the most learned among the 
nobility, and the most noble among the learned.” He was 
one of the chief mourners at the funeral of Lady Jane 
Seymour in 1539, and in 1540 he jousted against Sir John 
Dudley, Sir Thomas Seymour, and others on the occasion of 
Henry’s marriage with Anne of Cleves. When war broke 
out in 1542, between Henry VIII. and James V., Surrey, 
under his father’s command took part in the invasion of 
Scotland. Early next year he was confined in Windsor for 
eating flesh in Lent. In 1544 he was present as a volunteer 
at the siege of Laureey, near Boulogne, and gained the 
highest praise from Sir John Wallop, the commander, for his 
skill and zeal in military matters. He was made marshal, 
and when Henry, who invested Boulogne in person, ordered 
the raising of the siege of Montreuil, Surrey conducted the 
retreat of the English, with consummate ability, in the face 
of famine and the French. Henry made him a Knight of 
the Garter, and in April, 1545, gave Mm command of the 
vanguard of a force intended to defend the English pale in 
France. In consequence of intrigues by the Hertfords he 
was recalled. He resented his supercession and was im- 
prisoned. He was accused of bearing certain arms wliicl* 
belonged to the king, and was beheaded on Tower Hill, 
19th June, 1547. 

Besides the poems contained in Tottel’s MisceUany^ Surrev 
translated the first five chapters of Ecclesiastes, and several 
of the Psalms of David, into English verse. Induced, pro- 
bably, by the example of Gawin Douglas, from whom he 
occasionally adopts a happy phrase, Surrey adventured to 
turn Virgil’s iSneid into English. In this he used blank 
verse, of which Ms rendering of the second and fourth books 
constituted the earliest specimens in our language. He is 
notable as one who, as Camden says, “ hath graced Mgh birth 
with learning and travel, a man of various language, wit, 
and poetical fancy.” Edmund Bolton, author of “Hyper- 
critica” (1617), regards these songs and sonnets as “written 
in a noble, courtly,, and lustrous English; and therefore the 
authors did, by waiting of them, greatly polish our rude and 
homely manner of vulgar poesy from what it had been 
before, and [they] may therefore justly be esteemed the 
reformers of our English metre and style.” He adds the 
opinion “that Surrey and Wyatt were the most noted poets 
of their time, and the most passionate of all English poets 
to bewaiie and bemoane, in the said songs and sonnets, the 
perplexities of love,” &c. In “ The Arte of English Poesie ” 
(1589), attributed to George Pultenham, they are spoken of 
as “ the two chief lanterns of light to all others that have 
since employed their pens upon English poesy; their conceits 
were lofty, their style stately, their conveyance clearly, their 
terms proper, their metre sweet and well proportioned, aU 
imitating very naturally and studiously their master — Francis 
Petrarch.” 
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Thomas Wyatt, whom Anthony Wood characterizes as 
‘Hhe delight of the Muses and of mankind,” was the son of 
Henry Wyatt, knight of Allington ' Oastle, near Maidstone 
in Kent, and Ms wife Anne Skinner. He, was born in 1603, 
and in 1515 entered St. John’s College, Cambridge, where he 
became B.A. in 1518, and M.A. in 1522. He attended the 
iectnres instituted at Oxford by Cardinal Wolsey, travelled 
through the south of Europe, and there became well skilled 
in military affairs, and also in several arts and tongues. On 
his return he was looked upon as the ornament of the court 
of Henry VIII. for personal beauty and mental endowments. 
He had married, prior to this period, Elizabeth, daughter of 
Thomas Brooke (Lord Gobliam), who had, as he has said, 
^‘a face that would content me wondrous well,” and to whom 
he was knit with knot tiiat should not .slide.” At court 
he and Henry — though both, married., the one poetically and 
perhaps platonically, and the other powerfully and pas- 
sionately — flirted fora time with Anne Boleyn; and when, 
on Whitsunday, 1st June, 1533, that lady was crowned as 
Henry’s queen, Wyatt was present, acting, instead of his 
father, as chief ewerer, pouring perfumed water on her 
pretty hands. In 1535 Wyatt was, for some reason, a 
prisoner in the Tower: but on Easter Bay, 1536, was 
knighted, and in September received a command in the 
army sent, under the Duke of Norfolk, to quell a rebellion 
against the suppression of the smaller monasteries in the 
siiires of Lincoln and York. He w'as Henry’s ambassador 
to the Emperor Charles V. during the years 153*7-40, and 
seems to have discharged his duties with sagacity and ability. 
On his return, at the instigation of Bishop Bonner, Wyatt was 
arrested on a charge of holding treasonable correspondence 
with Cardinal Pole. He was tried, defended himself, was 
acquitted, and the king granted him lands in Lambeth, and 
made Mm high steward of the Manor of Maidstone, together 
with some estates in Bevon and Somerset in exchange for 
some in Kent. Soon afterwards he retired to Allington, and 
devoted Mmself to producing ^‘^Oertaine Psalms of Bavid, 
commonly called Penitential Psalms, drawne into Englyshe 
meeter,”'by Sir Thomas Wyatt, Knight (1549), and ulti- 
mately “ The Whole Psaltery of Bavid.” In the autumn of 
1542 Charles Y. sent ambassadors to Henry VIII. Wyatt 
was ordered to meet them, at Falmouth, and bring them on 
to London. He overheated Mmself by overhaste in riding, 
and at Sherborne, in BorsetsMre, was seized mth a fever, of 
which, after a few days’ illness, he died, 11th October, 1542. 

The following stanzas supply not only a pen-portrait of 
Wyatt, but a specimen of Surrey’s verse: — 

A visage stem and myld. where bothe did growe. i 

Vice to contemne, in Virtue to rejoyce ; 

Amid great stoi-ms, whom gi’ace assured so, 

To live upright and smile at Fortune’s choyce. 

A hand that taught what might be saide in rhyme, 

That reft, Chaueere the glorye of his witte ; 

A marke the which (imperfected for time) 

Some may approache, but never none shall hit. 

A tongue that served, in foreign realmes, his kinge, 

Wliose courteous talk to Virtue did enflame 

Eache noble- heart, a worthy guide to bringe 
Our Englyshe youth, by travail, into Fame. 

An eye whose judgment none affect conid blinde, 

Friendes to allure and foes to reconcile, 

Whose piercing look did represent a minde 
With Virtue fraught, reposdd, voyde of guyle. 

A heart whose dreade was never so impressed 
To hide the thoughte that might the truth advance; 

In neither fortune lost, nor yet represt, 

To swell in wealth or yield unto mischance. 

A valiant corps, where force and beauty met, 

Happy, alas ! too happy, but for foes ; 

Lived and ran the race that Natmre set 

Of manhoode’s shape, when she the mould did lose. 

John BoucMer, Lord Berners, born at Tharfield, Hert- 
fordsMre, in 14*74, was educated at Baliol College, Oxford, 
travelled into many countries, and made Mmself master of 


many languages. He quelled a rebellion in Bevon and 
Cornwall, was chancellor of the king’s exchequer and warden 
of Calais, where he died 16th March, 1532. He wrote a 
drama, “Ite in Vineam Meam”(“Go ye into my Vineyard”), 
which was acted, after vespers, in the cathedral of Calais. 
He was noted as one who translated “ with wonderful felicity ” 
many works into excellent English prose:— “Froissart’s Chron- 
icles” (1326-1400), by special command of Henry VIIL; 
“ Arthur of Little Britain ” (Armorica), at the request of the 
Earl of Huntingdon; “ Syr Huon of Bordeaux;” “ The Castle 
of Love,” from the Spanish, at the suggestion of Lady Eliza- 
beth Carew; “The Golden Booke of Marcus Aurelius,” at 
the instance of Sir Francis Bryan. As a scholar, & states- 
man, a soldier, and a far-travelled linguist of wide experience, 
Lord Berners was eminently qualified to enrich and enlarge 
the early prose literature of England. 

The learning and inteileetiial tastes of John Tiptoft, earl 
of VZorcester, an ardent lover of books, a man of military 
and political repute and considerable schola.rsliip, led him to 
patronize Caxton, who published his translation of Cicero’s 
“ Treatise on Friendship.” He was Constable of the Towner 
and in the Tower he perished, at the instance of Warwiclq 
under Henry VL, in 1470. “The axe then,” as Fuller 
says, “did at one blow cut off more learning than was 
left in the heads of all the surviving nobility.” Yet 
am.ong these there was Anthony Woodville, Lord Seales 
and Earl Rivers, son of Sir Richard Woodville and his 
wife Jaquetta of Luxemberg. He was accomplished in 
ail earthly graces, martial discipline, and intellectual culture, 
and not more by Ms being brother of Edward IV.’s queen 
than by his genius, was raised above nobles of lofty lineage. 
His translation of the “Bictes and Sayings of the Phylo- 
sophers ” of Johan de Jeanville was the fct book printed by 
Caxton at Westminster, 18th November, 1477. His “ Boke 
named Cordyall or Memorare Novissimae ” was also a render- 
ing from the French ; but he produced “ A Balet,” in imita- 
tion of Chaucer. At Stoney-Stratford the whole of the 
Woodvilles were suddenly seized by order of Richard of 
Gloucester, hurried to Pontefract, and were there, in 1483. 
without trial or sentence, put to death, and 

“ Untimely smothered in their dusky graves.” 

“The Itinerary” of John Leland (1606-62) has more the 
character of a useful and agreeable road-book than of a 
literary work. It was begun in 1538, but remained un- 
published till 1710. 

Robert Fabyan was born and carefully brought up in London 
— Wood says he studied grammar and l..gic at Oxford. He 
became a wealthy merchant. He was an alderman of Ms 
native city, and was elected one of its sheriffs; but apparently 
to escape the mayoralty retired to Halstedye in Essex, where 
he died 28th February, 1512. His knowledge of Latin was 
then unexcelled. He wrote verses in Latin, French, and 
English, many of which he introduced into his prose narra- 
tives. He pursued historic studies with great zeal. His 
Chronicle, which he named “The Concordance of Hys- 
toryes,” is divided into seven periods ; in six IBooks he 
deals with the Mstory of Britain (and France), from the land- 
ing of Brute to the Norman Conquest, and in the seventh he 
continues the record to 1485. He is somewhat dull and does 
not appreciate the perspective of Mstory, giving with equal 
detail the monarchs of England and the mayors of London, 
the festivities of the corporations and the struggles of the 
country for freedom at home and influence abroad. Cardinal 
Wolsey caused many copies of it to be burned, because it too 
fully, and perhaps too faithfully, detailed the doings of the 
clergy. 

i Robert Recorde ought to be mentioned, not only because 
he was employed by Kyngston, the printer, to collate and (as 
w-e would now call it) edit Fabyan’s Chronicle — comparing it 
with Geoffrey of Monmouth and tlie other authoritievS on 
which the merchant-author had relied — but also, as Be Morgan 
says, he was “ a man who deserves a much larger portion of 
fame than he has met with.” He was born in TenVjy, Pembroke- 
sMre, entered Oxford in 1525, was chosen fellow of All Souls 
in 1531. He took Ms M.B. degree at Cambridge in 1545, 
and returned to Oxford to teach arithmetic and mathematics. 
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There “ he was honoured of all that knew him for his great 
knowledge in several arts and sciences.” In 1547 he went 
to London, and was physician to Edward YI. and Mary. He 
was the earliest original writer on arithmetic in England; the 
first therein to adopt the Gopernican astronomy; and he 
collected from many sources all that was then known of 
algebra, of which he was a great improver. He gave us 
The Ground of Artes,” a treatise on whole numbers and 
fractious; The Whetstone of Witte,” on the higher arith- 
metic; ‘'The Pathway to Knowledge,” on theoretical and 
practical geometry; “The Castle of Knowledge ” on astronomy, 
and several professional works on anatomy and physic. He 
died in the King’s Bench, 1658, and was probably buried in 
St. George’s Churchyard, Southwark. 

Br. Thomas Wilson, son of Thomas Wilson of Stroby, 
Lincolnshire, was educated at Eton and at King’s College, 
Cambridge. He afterwards became tutor to Henry and 
Charles Brandon, the two sons of the Buke of Suffolk. In 
1551 he published “ The Rule of Reason, containing the Arte 
of Logic,” in 1553 “ The Arte of Rhetoric,” and in 1570 a 
translation of seven of the orations of Bemosthenes. On 
the accession of Mary, Wilson found it expedient to visit the 
Continent. He took the degree of LL.B. at Eerrara. On 
visiting Rome he was, “ as a presmnptuous and dangerous 
heretic,” seized by the Inquisition, imprisoned, and, it is said, 
tortured. On the demise of Pope Paul lY., 1555, the mob 
broke open the dungeons of the Inquisition, and Wilson had 
the good fortune to escape. When Elizabeth’s reign began 
he returned to England, entered the public service, and rose 
rapidly. He was successively master of the Court of Requests, 
master of St. Katharine’s Hospital, near the Tower, private 
secretary to the queen, ambassador to the Low Countries and 
to Scotland, one of the secretaries of state, 1577, and ulti- 
mately, in 1579, Bean of Burham, in which office he died, 
1581. A small elementary manual on the “ The Arte or 
Crafte of Rhetoryke” had been issued in 1524, 1530, and 
1532 by Leonard Oockes or Cox, “ for fame spells his name 
both ways;” and in 1560 Richard Sherry, schoolmaster of 
Magdalene College at Oxford, published “A Treatise of 
Schemes and Tropes,” gathered out of the best grammarians 
and orators, which he supplemented by a “ Treatise of the 
Figures of Grammar and Rhetoiicke” in 1555; but these 
were rather school compilations than original productions. 
Wilson’s work is therefore justly regarded as the first regular 
and systematic exposition of rhetoric, intended directly for 
the use of those who wished to write in English. He ad- 
vises his readers “ never to affect strange ink-horn terms,” 
nor to “ponder their talk with over- sea language,” “English 
Italianated,” nor “ Latin their tongues that the simple cannot 
but wonder at their talk;” and he objects to the use of such 
Bon Armado-like phrases as these: — ■“ Pitiful poverty prayeth 
for a penny; but puffed presumption pauseth not a point, 
pampering his paunch with pestilent pleasures, procuring his 
passport to post it to perdition, there to be punished with 
pains perpetual.” The work is full of excellent recommenda- 
tions on the art of prose composition, and is of great interest 
for the light it throws upon the ideas of correct writing enter- 
tained in those days when English composition was being 
made a studied art. 

The earliest specimen of literary prose in the Scottish 
form of writing English, we have in John Bellenden’s trans- 
lation of “ The History of Scotland,” by Hector B6ece (pub- 
lished in 1536, the year of the death of Boece), and five 
books of Livy’s “Annals.” Both works were undertaken at 
the request of James Y., and Sir Bavid Lindsay thus directs 
that king’s attention to the use and worth of the former. 

The Cronikles to know I thee exhort, 

Qnhilk may "be mirror to thy majestie 5 

There sail thou find haith guid and evill report 
Of everie prince, efter his qualitie ; 

Though they he deid, their deeds sail not die, 

Trust well, thou sail be stylit in that storie 

As thou deserves — put in memorie.” 

“ The Kegociacions of Thomas Woolsey,” by George Caven- 
dish, one of the few who remained faithful to the great 
cardinal after his fall, is a valuable contribution to biographi- 


cal literature, and supplies striking and vivid pictures of the 
life of England in the early days of Henry YIII. It includes 
a parallel between Wolsey and Laud. Along with this may 
be mentioned a poem entitled “The Life and Beath of 
Thomas Wolsey, Cardinal” ( 1599 ), by Thomas Storer, a 
Londoner, a student of Christ Church, Oxford, M.A. 1594 ; 
and “had in great renown for his most excellent view of 
poetry,” specimens of which appeared in 1600 in “ Belvedere: 
or the Garden of the Muses,” “ England’s Helicon,” and 
“England’s Parnassus.” Storer, who died in 1604 , has ■ 
drawn up the history of the great cardinal with elegance 
and fidelity. The poem is divided into three parts — Ms 
aspiring, triumph, and death. It is said to have suggested 
some passages in Shakspeare’s Henry YIIL These lines 
bear some resemblance to the reflections made by the cardinal 
on Ms fall, act iii. scene 2 : — 

“ If once we fall, vre fall Colossus-like, 

We fall at once like pillars of the sun ; 

They that between our stride their sails did strike, 

Make us sea-marks where they their ships do run, 

E’en they that bad by us their treasure won.” 

Storer is not often recognized among our poets, and there- 
fore the following specimen of Ms power — a description of 
“Religion” — may not be unacceptable: — 

“ In chariot framdd of celestial moulde, 

And simple purenesse of the purest side, 

A more than heavenly nymph I did beholde, 

Who glancing on me with her gi*acious eie, 

So gave me leave her beantie to espie ; 

For sure no sense such sight can comprehend 
Except her beames their faire reflection lende. 

Her beantie with Eternitie beganne, 

And onlie unto God was ever seene ; 

When Eden was possessed with sinfull man, 

She came to him and gladly would have beene 
The long-succeedlnge world’s eternal queene ; 

But they refused her, (0 hainons deede !) 

And from that garden banished was their seede. 

Since when, at snndrie times in snndrie wayes ' 

Atheisme and blinded ignorance conspii-e 
How to obscure those holy burning rayes, 

And quench that zeale of heart-inflaming fire 
As makes our soules to heavenly thinges aspire ; 

But all in vaine I for maugre all their might 
She never lost one spaikle of her light. 

Pearls may be foiled and gold be turned to drosse, 

I The sun obscured, the moone be turned to bloode, 

I The world may sorrow for Astrjea’s losse, 

The heavens be darkened, like a dusky woode. 

Waste deserts lie where watery fountains stoode ; 

But faire Theologie (for so shee’s bight) 

Shall never lose one sparkle of her light. 

Sir Thomas Elyot, son of Sir Richard Elyot, the head of a 
Suffolk family, received a university education— being M.A. 
and B.C.L.— travelled extensively in Europe, and on Ms re- 
turn was introduced to the court of Henry YIIL, who 
employed Mm on various embassies, and acted as clerk of the 
king’s council. He was grammarian, Grecian, philosopher, 
physician, and miscellaneous writer. He died in 1546, and 
was buried in Carleton Church, Cambridge, of which shire he 
was sheriff. To him we owe “ The Governour” (1531), one 
of the earliest English treatises on education, dealing not 
only with scholastic training and discipline, but also with the 
means of improving morals and curbing vice; “ The Castle of 
Health” (1532), containing sound hygienic advice on diet and 
exercise; a tract on “ The Knowledge which maketh a wise 
Man;” “Pasquyll the Flayne,” a semi-serious Socratic 
dialogue between Pasquyll, Gnatho (tongue-clever), and 
Harpocrates. Pasquyll is represented as an old talking 
statue in the streets of Rome, Gnatho advocates tallmtiveness, 
Harpocrates taciturnity, and the argument is conducted with 
considerable humour and subtlety, white Pasquyll acts as 
critic. Neither, as is the case with so many disputants, is 
convinced, and they leave their censor standing in Ms place, 

“Now x^ren these fellowes come to theyre maister they 
wyl tell al that they have h[e]ard of me; it maketh no matter, 
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for I ba¥e sayd nothyinge but by the way of advertisement, 
without reprochying of any one person, wherewith no good 
man hath any cause to take any displeasure. And he that 
doth by that whyche is spoken, he is soone spied to what 
parte he leaneth. Judge what men lyst, rny thought shall 
be free.” 

Other works by Elyot are The Bankette of Sapiense” 
(1542), A Defence or Apologye for Gode Women” (1645), 

“ A Preservative against Death” (1545) — a moral discourse, 
showing accurate knowledge of the Scriptures and wide ac- 
quaintance with the writings of the Fathers. He contributed 
a number of translations from Greek and Latin, and made 
‘^ one of the earliest attempts towards the promotion of 
lexicographical literature,” by preparing a Latin-English 
Dictionary, compiled from the originals, considerably superior 
to the vocabularies then common, and in fact the foundation 
of most of the works of a similar nature which have been 
subsequently undertaken. 

Sir Thomas More, born 1480, in Milk Street, London, was 
son of one of the justices of the King’s Bench. He waited at 
the table of Cardinal Morton, who predicted that he would 
“prove a marvellous man.” He had true genius, a mind 
enriched with all the learning of iiis age, and a heart attuned 
to every virtue. He was educated at Oxford, and had a seat 
in Parliament when twenty- two. For success in a mission 
to Flanders, Henry YIII. made him a knight in 1516; and 
when Wolsey fell, More, the first layman who ever held the 
office, was appointed Lord Chancellor. Henry was offended at 
More’s reluctance to sanction his marriage with Anne Boieyn. 
More was a sincere Roman Catholic. Henry claimed from Mm 
an oath to maintain the succession resulting from that mar- 
riage. He refused. This was reckoned Mgh treason. He 
was condemned, and going to the scaffold, 

“ A dauntless sonl erect, who smiled on death,” 

he was beheaded 6th July, 1635. More wrote a great num- 
ber of theological treatises, and a history of Edward V. and his 
brother and Richard III. The materials for this Mstory were 
supplied by Cardinal Morton and other contemporaries. It 
is composed in excellent English — the language being pure 
and well chosen, and the style clear, yet charming, though 
now its sentences seem archaic. It was first published 
anonymously in Hardynge’s Chronicle, 1543. On this work 
Shakspeare has mainly depended for the materials of Ms 
great epical play. 

More’s “ Utopia,” which was written in Latin, was trans- 
lated by Ralph Robynson, who was a citizen and goldsmith 
of London, in 1551 ; but this work, which has provided the 
langnages of Europe with a name suggestive of the ideal per- 
fection of a state, does not, as More produced it, form a part 
of English literature. It is a politico-philosophical romance, 
picturing a commonwealth whose supreme laws, social cus- 
toms, and domestic usages are strictly accordant with good 
reason, kindly feeling, and mutual toleration. 

Most general readers know from Milton’s sonnet, that 
Sir John Cheke 

“ Taught Cambridge and King Edward Greek.” 

He was considered one of the best and most learned men 
of Ms age, a singular ornament to his country, and one of 
the revivers of polite literature in England. Ascham de- 
scribes him as “ the eunningest master, and one of the 
worthiest gentlemen, that ever England bred.” Nash spoke 
of him as “ the exchequer of eloquence, a man of men [who] 
siipernaturaily traded in all tongues,” He was born in Cam- | 
bridge, taught by John Morgan, studied at St. John’s College, i 
was made provost of King’s College, 1543, appointed tutor to 
Prince Edward, 1547, knighted 1549, exiled 1553, waylaid 
in Belgium and taken to the Tower, 1556. There he re- 
canted, and, after great sorrow, died in London, September 
1567. He wrote a “ Commentary on Psalm cxxxix.,” “ A 
Remedy for Sedition” (1536), “The Hurt of Sedition” 
(1649); but Ms main work was a translation of the New 
Testament directly from the Greek, printed in 1560. “ A 
Royal Elegy on King Edward VI.” by him was published in 
1610. Of his numerous publications and (yet unpublished) 
MSS., now in the British Museum, this is not the place to 


say more than that they fully prove his scholarship, patriotism, 
good sense, and piety. 

Roger Ascham is often designated “ the father of English 
prose,” and though Mandeviile’s Travels, Malory’s “Mort 
d’Arthure,” Bernei-’s Froissart, and More’s historic work 
show good writing, it must be admitted that Ascham first 
consciously and advisedly set himself “ to speak as the com- 
mon people do, to think as wise men do, as, so should every 
man understand him and the judgment of wise men allow 
Mm.” Fuller says, “ His ^ Toxopluliis’ is accounted a good 
book for young men, his ‘ Schoolmaster’ for oM men, and 
his ‘Epistles’ for all men.” In the first-named, “he de- 
signed,” Dr. Johnson remarks, “ not only to teach the art of 
shooting, but to give an example of diction more natural and 
more purely English than was used by the common writers of 
that age.” “ He was,” as The Retrospectwe Reviev) puts it, 
“ one of the first founders of a true English style in prose 
composition, and one of the most respectable and useful of 
our [early] scholars;” and Queen Elizabeth, who did not put 
a slight value either on money or learning, declared that 
“ she would rather have lost £10,000 than her tutor Ascham.” 
He was born at Kirby-Wiske, near Alierton, Yorkshire, about 
1515, was educated at St. .John’s, Cambridge, and was made 
fellow of Ms college when eighteen. He succeeded Sir John 
Cheke as public orator, and was Latin secretary to Edward 
VI. The Princess Elizabeth, in 1548, was put under his 
tutelage. In 1550 he travelled as secretary to Sir Richard 
Morysine, ambassador to the court of Charles V. He resigned 
his fellowship and married Miss Margaret Howe in 1554. 
His “ ToxopMIus” — a dialogue between Fhilologus, “ lover 
of learning,” and Toxophilus/^ lover of archery,” concerning 
the respective attractions of book and bow, the scene of 
wMch is set among the wheat-fields of Cambridge — was issued 
in 1645; and Ms “Schoolmaster” — which was written at the 
sr^gestion of Sir Richard Sackville, of Buckhurst — ^in 1571. 
TMs work is in two books : the first sets forth two stages of 
Ascham’s interlineary method of learning Latin, and urges 
that “ love is fitter than fear, gentleness better than beating, 
to bring up a child rightly in learning.” Having distin- 
guished between “ quick wits” and “ hard wits” and discussed 
“ Plato’s seven plain notes to choose a good wit in a child,” 
the author castigated the “ Italianated” Englishman of his 
age. In the second book he describes the remaining stages 
of his method, criticises Latin authors, and gives incidental 
notices of some English writers. This book is still valuable 
for the rules and principles of teaching it expounds. The 
three special points he desired to inculcate as essential to a 
sound education were — truth in religion, honesty of living, 
and right order in learning. Plato’s seven points, which he 
explains, are — (1) aptness of wit and will, (2) goodness of 
memory, (3) love of learning, (4) eagerness to progress and 
care in doing so, (5) readiness of reception, (6) inquiringness 
of disposition, and (7) hearty love of honest praise. He 
maintains “ that if ever the nature of man be given at any 
time more than other to receive goodness, it is in innocency 
of young years, before that experience of evil have taken root 
in him. For the pure clean wit of a sweet young babe is 
like the newest wax, most able to receive the best and fairest 
printing; and like a new bright silver dish never occupied, to 
receive and keep clean any good tMng that is put into it.” 
“ Learning,” he says, “ teacheth more in one year than ex- 
perience in twenty; and learning teacheth safely, when 
experience maketh more miserable than wise. He hazardetli 
sore that waxeth wise by experience. An unhappy master 
[mariner] is he that is made cunning by many shipwrecks; a 
miserable merchant, that is neither ricii nor wise but after 
some bankrouts {i.e, bankruptcies). It is costly wisdom 
that is taught by experience.” 

Ascham’s “Schoolmaster” was published by his widow 
shortly after Ms death. Tliis event took place 30th December, 

I 1568, wMle he was overtaxing himself to produce a Latin 
poem to be presented to the queen on New-Year's Day, 1569. 
He was buried in St. Sepulchre’s Church. Dr. Alex. Nowell, 
dean of St. Paul’s, preached his funeral sermon, and George 
Buchanan composed an epigrammatic epitaph, expressive of 
high admiration of the character, talents, and goodness of 
this acute, learned, and laborious scholar, tutor, and author. 
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HISTOEY.-CHAPTSE fill 

JI2ETJSAIEM-— KINGS OP JUDAH AND ISRAEL — THE CAPTIVITY — 
ROMAN SYRIA — THE PTOLEMIES AND THE SELEUOIDS — THE 
HERODIAN DOMINIONS — THE DESTRUCTION OP JERUSALEM. 

Palestine is an oblong territory lying between Lebanon and 
Sinai. Two sets of highlands descending from Syria extend 
through the entire length of the land, having the separating 
Jordan flowing between them. The Land of Oanaan consists 
mainly of rugged hills and narrow valleys, hut the plains of 
Msdraelon and Sharon are found in the w^est and the plain of 
Hauran in the east. Its northern and central districts are 
tertile, hut in the south, near the Dead Sea, it is rocky and 
sterile. The geographical position of Palestine is unicjue. 
It is scarcely more than a coast strip in the centre of the 
border of the three continents of antiquity — linking, as it 
were, Europe and Afiica to Asia; while the Great Sea to 
the west gave it a highway to all nations. Here, in the early 
periods of the world’s annals — while mythologic legend and 
fantastic fable form the only available materials for the his- 
tory of other lands— the soil was trodden by patriarcli, priest, 
and prophet, the throne was filled by mighty kings, and 
the worship of God prevailed. The lieroisms of earlier 
judgeships of Gideon, Jephthah, and Samson were acliieved 
long before the Persian hosts under Xerxes perished be- 
fore the valour of the Greeks at Marathon and Salamis. 
The marvellous shepherd boy of Bethlehem, who wielded 
with equal skill the crook, the sword, the sceptre, and the 
lyre, and the sage Solomon, his son, whose magnificence 
and wisdom were the world’s wonder, carried their rule 
northwards towards the Euphrates and southwards to 
the Red Sea. The Philistines on the west, the Moabites 
and Ammonites on the east, the Arab nomads and the 
Edomites of the south, and the Syiian states of the north 
were tributary to them and under their sway. The 
land they ruled was small in extent, but the influences which 
have gone forth from it have been mightier in their effects on 
civilization than those that have proceeded from any other 
equal extent of territory. Alike by Arab and Jew, Mussul- 
man and Christian, are the historic incidents of sacred writ 
accepted. Here, in the fulness of time, Messiah came, and 
here the foundations of that spiritual sovereignty over 
Mansoul were laid, which has spread the law and love of Christ 


afar, and set him before mankind as 'worthy to hold Divini' 
empire over all human life. 

The utmost geographical range ever claimed by the childreij 
of Israel wa-s, as we have said, very small, even if we reckon 
the entire territory which they possessed during the brief 
splendour of the Hebrew monarchy. From Dan to Beer- 
sheba, from the sources of the Jordan to the extremity of the 
Dead Sea, and from the shore of the Mediterranean to the 
summit of the rising-ground east of Jordan, is all the space 
the Jews ever possessed. Two degrees of latitude, and two 
degrees of longitude, more than include the whole of their 
territory ; and within tins limited space there were districts- 
which, if they did not retain their independence, ■were only 
tributaries, and never mixed or became amalgamated with 
the Hebrew people. Thus Idumea 'was a dependency of 
Israel during the reigns of David and Solomon ; so was- 
Damascus, and beyond it Tadmor in the desert. The pen- 
insula of Sinai belongs to Jewish history as the scene of 
their forty years’ educative wandering, and of the giving; 
of the law. The declivity of Mount Taurus beyond the- 
Euphrates, is historically connected with Hebrew life as- ■ 
the birthplace of their fatlier Abraham. But all these dis- 
tricts — Idumea, Southern and Northern Syria, Western 
Mesopotamia, &c., had only a transient connection rrith 
the promised land of Judea; We have a dim glimpse of 
countries beyond the Euplirates, as those whence the Assyrian 
hordes thronged into Judea — of the territory /‘beyond the 
river of Egypt,” as the place whence the Egyptians and the 
Egyptian invasions came, and where the days of Hebre'w 
bondage were endured— of the ocean and its isles, or the 
region from which the Grecian Empire came in. the rush of 
its might ; but of all these wide domains the old Hebrew geo- 
graphers knew nothing distinctively. The region of Judea 
is graphically and distinctly portrayed, while all the regions 
beyond Jordan — the Syria of Damascus, Tadmor in the 
desert, Idumea and Arabia, are faintly and dimly seen in the 
background. This is the remarkable peculiarity of Hebrew^ 
geography — its precision within a narrow circle, and its 
growing indistinctness until the eye reaches the verge beyond 
which ail is conjecture, and nothing can be seen. This would, 
independently of any external evidence, prove it to be native 
to that land — a territory within which it had been accumu- 
lated or stored up, not so much by experience as by inspir- 
ation. Nowhere but in the lauds around Jerusalem could 
such knowledge of remote territories and such ideas of the 
distinguishing features of nations and policy have been then 
gained ; for only there were influences aggregated which were 
calculated to secure the national growth of a peculiar people, 
whose experiences should ripen into character, and whose 
civil and religious politics should be such as to preserve 
property against selfish accumulations and conserve national 
prosperity while maintaining personal and family interest)^ 
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it as a home. He strove, by imparting wisdom, purity, and 
humility, to make them capable of greatness and freedom. 
The Books of Joshua, Judges, and Ruth relate the chief 
circumstances of Jewisli history, from the invasion of Canaan 
under Joshua to the commencement of the monarchy under 
Saul. This period w^s occupied by the Flebrews, partly in 
conquering and partly in defending themselves from the 
vengeance of those enemies whose territories they had in- 
vaded, The entire extirpation of the idolatrou.s tribes of 
Canaan, and the complete possession of Palestine by the 
seed of Abraham, foruied the groimdwcrk, tlic substance, 
and the theory of their future government under hlosfdcal 
ordinances. The children of Israel arrested the accomplish- 
ment of the object contem]>iated. Two and a half of the 
tribes fought in a half-hearted manner only; and tlie rest, 
wlien they had conquered eziough for their immediate purposes^ 
regardless of the wants of fiiturit}, yitdded themselves to 








and independence, at the same time that the conscience should 
be at once controlled and trained by power, faith, and hope. 

The information we have respecting the Hebrew nation is 
derived almost exclusively from the Scriptures of tlie Old 
Testament. These writings are either historical, proolieticai, 

' or I'loetical The first— in order to ascertain the events of 
Jewish history, the growth and vicissitudes of the state — 
must form the groundwork of our investigations. The otlier 
two classes of writings must be used as supplementary and 
illustrative, as incidentally corroborating statements made, 
or supplying notices of facts omitted; as furnishing intima- 
tions of the modes of thought and feeling amoiig the peo])!e, 
in a more explicit manner than a mere historical narrati’e 
could convey; and as atFording the l)est tests of the progress 
made by them in knowledge and civilimtion. 

The Hebrev? volume comprises (1) The Pentateuch or five 
books of Moses, coiitaimng much narrative, an exposition of 
the lav;, and many episodes of interest as well as 
splendid’ reliques of ancient poetry; (2) twelve books 
professedly or mainly historical, beginning with Joshua r 
and ending with Esther, partly in the form of annals 
or chronicle registrations of events, and partly bio- 
graphical, but almost always investing each picture 
or event with moral elements and attributes; (Z) five j: I 

poetical books, including Job, Psahiis, Proverbs, Ecclesi- '' ' -- 

astes, and the Song of Solomon, in which many historical 
allusions occur, and from which many historical inferences 
may be drawn; and (4) seventeen prophetical books — five 
greater and twelve minor, partly poetical and partly in 
prose; these latter, of course, supply many historic in- 
cidents and make reference to many events in the lives 
of men and the annals of nations of much interest to 
the student. The narrative portion of the Pentateuch 
contains (1) an account of the creation of the universe 
and of man, the introduction of sin and the prevalence 
of idolatry, the evil consequences of the iniquity of the 
early inhabitants of the earth, and the deluge in which 
the Divine displeasure was manifested; (2) the repeopling 
of the world, the dispersion of men through its various 
territories, beginning in ■ the East. Then gradually 
confining the scope of the record, it (3) brings out the 
oj’igin of a chosen people to whom was confided the task 
of bearing witness for Divine law in the promised land. 

The idea of this resolve is given in Eccles. xvii. 17, ‘Hn 
the division of the earth God set a ruler over every 
people, but Israel is the Lord’s portion.” Faithful to 
Him, they would be fi'ee and happy; faithless, they 
would be conquered, enslaved, and exiled. This elect 
branch of the Semitic family migrated tToiu Meso- 
potamia into Palestine, and either acquired or took 
the distinctive name of Hebrews (Ihr% from the otlier 
side) from Abraham or from Eber, the great-grandson 
of Shem, from whom Abraham was descended. After 
detailing the events of the lives of the Chaldean patri- 
arch, and of Isaac and Ishrnael, Jacob and Esau, of 
Joseph and Ms brethren, it relates the incidents which 
led to the going down into Egypt, when the hardy 
herdsmen of Canaan became a horde of slaves suffering 
a long and hard bondage under the Plmraoiis; of their 
deliverance thence, of their education in the wilder- 
ness into nationality of spirit and character, and of their 
training under the legislator Moses in law abidingness 
and community of interests, feelings, and aspiratious. After | slothful inaction. ^ The original inhabitants, left in then 
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hours of dreadful terror, followed by the joy of a marvellous 
deliverance, they sang a song to the Lord.” In the deserts 
around Horeb and Sinai they listened to the Eternal voice, 
and the process of Divine education was begun. Moses, 
under all-wise guidance, taught them to march tribe by 
tribe, and family by family, and to encam]) in the same 
manner. He appointed seventy-two judges, six for each 
tribe, to decide questions between man and man, with the 
right of appeal to himself; he taught them a ceremonious 
ritual and a moral system of worsMp; he appointed the 
services of the altar, and he insisted upon the unswerving 
worship of the one only God, Jehovah. Thus, for forty 
years, did he labour to train Ms people to habits that would 
enable them to conquer a country, and to retain it and enjoy 


hlly 'fastnesses, still retained sufficient strength to sally down 
upon their invaders, and to avenge at times then wrongh. 
Kept in terror by these hostile demonstrations, the tribes 
were deterred from dispersing themselves and taking posses- 
sion of their allotted portions. Dan dwelt for a time in the 
borders of Simeon; and when their numbers increased, so as 
to require ampler possessions, they felt themselves compelled 
to attack the weaker districts, leaving sometimes a stronger 
power between their detached encampments; and often, as 
in the case of Dan, a whole tribe was tempted to forsake 
the worship of God for that of idols, and to conform to the 
ways and customs of the tribes in their vicinity. The very 
ideal of a life of peaceful happiness should have been theirs. 
The land in which they dwelt was beautiful and fertile. 
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“flowing with milk and honey,’’ and so divided that each could 
sit under his own vine and %-tree. The air was serene, the 
seasons finely varied, the soil not too difiicult of tillage, and 
affording choice pasturage almost everywhere. Each week 
of work was closed with a Sabbath’s rest, and every period 
of the year had its appropriate festival. The Passover 
preserved the memory of the Exodus; Pentecost called them 
to thanksgivings for the ripened harvests of the year, while 
it recalled the memory and the laws of Sinai; at the Feast 
of the Tabernacles they dwelt in booths to remind them of 
their wilderness wanderings. They were separated from the 
idolatrous people of the old world, and their worship was like 
the casket in which the holy jewel of truth T-vas enshrined, 
that it and they might be kept unscathed by the sin which 
surrounded them. But tliis they made a cause of isolation 
of heart, and separate interests began to swell in the spirits of 
different tribes. Stubbornness, passionateness, and fanaticism 
grew upon them, and dissolute liabits prevailed. The lessons 
taught "in the Sinai tic and ceremonial law were forgotten. 
Instead of being submissive to Jehovah, under covenant 
sanctions, they adhered to earthly rulers and trusted in war- 
lilse champions and popular cHeftains. They frequently 
sinned, and were often humbled. They sought supremacy 
by mere human policy, and they failed. Thus the unity of 
the nation was broken up, and scattered and weakened, it 
became powerless and inert; instead of rejoicing in God as 
their lawgiver, judge, and king, who made their sanctuary 
His dwelling-place, “ they became vain in their imaginations 
and their foolish hearts were darkened” Their faith became 
dimmed instead of being active and operative. It was con- 
fidence which should have inspired the utmost daring and 
achieved the most signal victories. But when this, the Pole- 
star by which they were to steer, became obscured, hope fled 
and disaster and slavery ensued. “There was no king in 
Israel in those days, and every man did that which was right 
in his own eyes.” Though judges were recognized, the law 
had lost its power; so that in all respects the state of the 
Israelites, irom the death of 
Joshua till Samuel, may be re- 
garded as retrograding and de- 
graded. Yet, in the institutions 
and doctrines of their lawgiver, 
they did possess what, if rightly 
used, might have kindled them 
to nobler life. There was always, 
even in the worst of times, a 
spirit of union kept np among tlie 
tribes. Midway between Jerusalem 
and Mount Tabor was the site of 
the tabernacle, Shiloh. It formed 
a central point where the union 
of the tribes could be maintained. 

The seventy-two upon whom the 
spirit of prophecy came m the days 
of Moses, had never been without 
successors. To the institution of 
judicial magistrates God added 
that of a serving priesthood. 

With ordinary exertions, and 
the occasional victories of im- 
passioned leaders, the Israelites learned how to maintain 
the conquest they had won ; but this was not enough. They 
wished themselves consolidated as a state, under regal sway; 
they coveted a mortal monai’ch to rule in peace, and lead in 
battle — a spirit for which Samuel severely chid them, yet at 
last he yielded to their will, by anointing Saul king of Israel 
In the Books of Samuel and Kings, we find the history of the 
monarchy to its close at the Captivity. In the Books of 
Chronicles we find the same history presented in a more 
condensed form. The chief events related in those twofold 
exhibitions of the history of the Hebrew race run thus: — 
Said, for his interfering with the priestly office, by offering a 
sacrifice with his own hands in the absence of Samuel, is 
denounced by that prophet, who afterwards anoints the 
shepherd boy David, the son of Jesse, who, on the death of 
Said on Mount Gilboa, ascended the throna 

The shepherd lad, who had grown up among battles and 


lived through persecutions, and who yearned for the return 
of such days as his great-grandfather Boaz spent among his 
reapers, saw Saul decline in piety, popularity, and power, and 
the times became rugged and perilous. When he was an- 
ointed successor to the living but degenerate Saul, he brought 
a better spirit to the throne. The youthful gallantry which 
despised the pride of the Philistine, and laid the liaiiglity 
Goliath prostrate in the dust; the nobleness of soul which led 
him to spare Saul when, asleep in a cave in the wilderness of 
Engedi, the monarch’s life was in the hand of his son-in-law; 
the ability he possessed in the wielding of the sword, the hand- 
ling of the harp, the using of the pen — graces of character and 
gifts of genius rare in any land, and quite unexpected in 
Israel; the errors, temptations, sins, and sorrows of the min- 
strel-monarch, impart interest to David’s history. W e see with 
delight his efforts to rouse the Jewish people to a sense of 
privilege and to the triumphal grandeur of their God-protected 
state. He extended their territoiies, remodelled their insti- 
tutions, inspirited their faith, and longed to see Jehovah 
vouchsafe to be the chief shepherd of the flock he led in 
Palestine. He transferred the government from Hebron to 
Jerusalem, which he had taken from the Jebusites, and, 
at the instigation of the prophet Nathan, made prepara- 
tions for the erection of “the house of the Lord.” But 
the contagion of the degraded despotisms of surrounding 
lands infected sovereign and subject; dark days came, 
enemies arose, wars were waged, and trust in chariots and 
horses and an arm of flesh prevailed. Worse than all, 
unworthy passions and ungodly deeds dimmed the lustre of 
the life of the psalmist, the man, and the monarch. He 
dared not build the Temple, for he was a man of blood. A 
hopeful moment of expectation gilds his latter days with 
glory, when he and his people provide with noble self-denial 
the materials for the building of that house of God in which 
he was never to lift up his voice in pmyer, yet in which his 
kinsmen after the flesh were to sing, as the songs of Zion, 
the psalms of their singularly selected shepherd-sovereign. 



Solomon’s Temple. 

Solomon his son beautified the holy city, and erected the 
splendid Temple, to which the tabernacle was removed from 
Shiloh. He was the hereditary monarch of a peculiar people, 
and there was “ bestowed upon him such royal majesty as had 
not been on any king before him in Israel.” To him, not 
only “ riches, and wealth, and honour,” such as no other king 
had had, but also “ wisdom and knowledge” were granted. 
Yet the worship established on Moriah’s Mount, with all its 
spiritual fitness for the government of the heart, did not so 
enter into Ms own life and that of his people as to restrain 
them from following evil courses. He gloried in the splendour 
of the Temple as a gain to his magnificence. He fortified 
Jerusalem that he might intrench himself therein, and the 
palace he reared was for Ms own comfort and renown. In 
the pursuit of material prosperity, in his love of lavish luxury, 
in his endeavours to extend Ms dominion beyond the promised 
bounds, Solomon endangered the independence, the comfort. 
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and the faith of Ms subjects, and darkened witMn Mmseif the 
spirit of submission to the behests of Him in whom alone 
dwelt the authority and majesty of which his power and 
sovereignty were only the earthly symbols. Fascinated by 
female flatteries he fell from the lofty religiousness of soul in 
which he had been trained into very low depths of ritualistic 
idolatries; personal sin involved him in political blunders as 
well as religious offences. The unity of the nation, on wMch 
its strength depended, lacking unity of faith, was destroyed. 
The jealousies and separatism of the tribes were re-excited, 
and just when his land pressingly required special control, 
the king, grown prematurely old, was so changed in heart that 
he was unable to repress sedition within or repel disaster 
without the kingdom. The bright lyrist of the Song of Songs, 
the prudent proverbialist, the monarch-preacher was too 
effeminate to wield the sceptre with a strong hand at home 
or the sword with sharp decision abroad. The prophet’s fire 
was kindled against his government, and AMjah the Shilonite 
foretold the disruption of his kingdom, and the fall of the 
mighty monarchy to winch he had succeeded. It is true 
that Bavid’s last-born son, and Nathan’s favouiite pupil, 
greatly enhanced the external glory of Palestine among the 
monarchies of antiquity. Solomon completed the subjection 
of the tribes intermingled with the Israelites — augmented his 
kingdom — formed alliances with the Tyrians — and made with 
them conjoint mercantile speculations to the Red Sea. He 
formed matrimonial alliances with the neighbouring powers, 
and caught from the daughter of Pharaoh, king of Egypt, 
in all lilrelihood, the vanity of rivalling the splendour of her 
ancestors. 

But with ail this getting of outward glory there was a 
sad forgetting both by prince and people of the high faith 
and holy practice, of the inner glory of righteousness and 
peace, which they had been taught. Hence the splendid 
reign of Solomon, like most other splendid reigns, was more 
gratifying to the monarch’s vanity than useful to his people’s 
progress. TMs we infer from the pathetic complaint made 
to his son Rehoboam on his accession to the throne: — ‘^Thy 
father made our yoke grievous; now, therefore, make thou 
the grievous service of thy father, and his heavy yoke wMch 
he put upon us, lighter, and we will serve thee.” The 
tyrannical answer which the young monarch gave led to 
the rending of the kingdom. Of the twelve tribes — hitherto 
joined together by faith and ritual, by tradition and law, but 
of late only feebly and loosely aggregated as parts of a great 
whole — ten revolted and formed themselves into the kingdom 
of Israel, and with the elevation of Jeroboam to the sove- 
reignty of these northern tribes, the establishment of a new 
dynasty over the ten tribes was accomplished. Judah and 
Benjamin, remaining faithful to the house of David, took up 
arms to reinforce the power of Rehoboam over Israel; but 
the disseverance was made complete, and disunion and im- 
piety combined to bring on the Jews the dark doom of 
conquest and captivity. The temporal power of the Israelites 
was broken. One after another the external dependencies 
asserted their independence. Israel and Judah wasted their 
energies in war against each other, and ultimately fell an 
easy prey to their proud neighbours from the east. 

The sequel of the history of the Hebrews is of a very mixed 
nature. That of the kingdom of Israel discloses a long roU 
of wicked kings, and very few indeed in Judah were eminent 
for piety. Jeroboam was forceless in character, and sought 
rather to secure his personal power than to found a djmasty. 
The army made itsefi the dictator both over king and sub- 
jects, and Amos prophesied the destruction of Ms house by 
the sword. Jeroboam was defeated by AMjah, and Baasha 
slew Nadab, his son and successor, at Gibbethon. Asa and 
Beniiadad of Damascus defeated this soldier-king, whose son 
-Elah was slain, while suffering from a debauch, by JZimri. 
He, after a seven days’ reign, was reduced by Omri to retreat 
to the palace in Tirmh, and, setting that on fire, died in the 
flames. Half the people desired to raise Tibni to the throne; 
Omri upheld the validity of the army’s nomination. After 
a civil war of four years’ duration Omri ruled at Tirzah, 
then removed to Samaria, and in a vigorous but unscrupulous 
manner not only held sway himself, but handed the sceptre 
to Ms son. Ahab married Jezebel of Tyre, repulsed 


Benhadad II. from Samaria, and next year at Aphek defeated 
him; but was Mmseif slain by ^‘a certain man who drew a 
bow at a venture” at Ramoth-Gilead, in accordance with a 
prophecy that, for his treatment of Naboth, Ms house should 
he entirely destroyed. Almziah, who had been trained in 
idolatry, was rebuked for his impiety by Elijah, and not 
only in him, but in Jehoram, Micaiah’s prophecy was fulfilled 
and Omri’s dynasty expired. Jehu began Ms reign by ex- 
tirpating the seed of Ahab, his courtiers, and the priesthood 
of Astarte; and swooped down by massacre, in the temple at 
Samaria, the whole heathen population of Israel. Hazael 
the ablest of the Damascene sovereigns, triumphed over 
Jehu’s son Jehoahaz, made him a tributary vassal, and lorded 
it haughtily over the Hebrews. His son and successor Joash 
overcame the Syrian sovereigns, defeated Benhadad thrice, 
was victorious at Bethshemesh over Amaziah, and handed 
down the sceptre to his son Jeroboam II,, who not only re- 
pelled the Syrian invaders and took Damascus, their capital, 
but also re-extended Ms kingdom from Hamoth to the Dead 
Sea. Zechariah, after a six months’ reign, was slain by 
Shallum, who in a month was overthrown by Menahem, 
whose ferocious and ungodly reign lasted for ten years, during 
wMch time the Assyrians first appeared as a hostile force on 
the frontiers of Israel, but were bought off by a gift of a 
thousand talents. Pekahiah, who succeeded his father Mena- 
hem, after a brief reign of two years, was treacherously mur- 
dered by Pekah, his captain, who seized the sceptre and 
refused to yield tribute to Assyria. For tMs purpose he 
allied himself to Rezin of Damascus, and planned with him 
the spoliation of Judah. They went up against Jerusalem 
to war against it. They slew in Judah 120,000, and carried 
away captive of their bretMen 200,000, and took away much 
spoil. By the heroic intervention of Oded, however — who 
went out before the host that came to Samaria rejoicing in 
their victory and rebuked them — these captives were released, 
kindly treated, and restored to their homes. Meanwhile 
Ahaz had sent unto the kings of Assyria for troops to help 
him. Rezin was slain, Pekah vanquished, half Ms kingdom 
was taken from Mm, and a larger tribute than ever was 
enforced. Taking occasion, either from Ms weakness or his 
tyranny, Hoshea, the son of Elah, conspired against Pekahiah, 
slew Mm, and reigned in Ms stead. Shalraanezer, when 
Hoshea liad been but three years king, invaded Israel and 
recompelled its submission. Hoshea entered into a secret 
alliance with So, king of Egypt, against Assyria. Certain 
of Ms own subjects revealed this to the Ninevitic court; their 
king was seized as a rebellious vassal, committed to prison, 
and treated with cruelty and indignity. Of his after fate 
we have no trace. By the Assyrians the Israelites were 
carried away into captivity, and their lands were colonized 
by other subjects of Assyria, in accordance with a policy 
of transplantation common in the last. Dispersed and 
oppressed wasted in numbers, shaken in faith, and far from 
their traditionary temple worship, the Hebrews seemed in part 
to have lost the charge committed unto them, and only faint 
memories of the prophecies of a future of restoration inspired 
them with a hope which somewhat softened their despair. 

The division of the kingdom was also the origin of a great 
religious change. Jeroboam, in order to deprive Jerusalem 
of its importance as the centre of national worship, erected 
an altar on Mount Gerizim. The Levites, however, dung 
to each other and to Jerusalem. Jeroboam was obliged to 
go further than he had originally intended, and to create a 
new order of priesthood and a new worship. This thwarted 
his own purposes. The staid and pious people of Israel 
continued stOl to regard the temple at Jerusalem as the 
centre of the national religion; but the spirit waxed faint 
where no genuine altar smoked to heaven, and when the 
Divine ritual was divested of the sanction of the local govern- 
ment. There were colleges or “ schools of the prophets,” 
however, in Israel as well as in Judah, who clung faithfully to 
the holy worsMp of their fathers. Indeed, the most distin- 
guished of the Hebrew prophets belonged to Israel, and not 
to Judah. Jerusalem had for these prophets a more than 
mystic meaning; and, as the two kingdoms fell more and 
more M worldly prosperity, and their monarchs sank deeper 
in profligacy, this faith — this habit of seeing in what had 
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been deemed proiniseKS of temporal prosperity a mystic mean- 
ing-— increased, and kindled in their breasts a higher and a 
holier enthusiasm. As the kingdoms approached their fall, 
the enthusiasm of the prophet touched his rapt soul, as it 
were, witli coals of living fire from the altar, and his warning 
voice was heard in iUKia.unted and unquailing tones above 
the noise of hosts gathering togetlier lor fight, and even 
engaged in war. 

The kingdom of Judah, whose history, of course, ran 
parallel wit’r: that just narrated, possessed many advantages, 
and secular. Though it had a soil less fertile, it had a 
fiontier less exposed to enemies. The noitliern kingdom had 
a hardier and more united people; had an organized worsliip 
and a powerful hierarchy; an arngy more distinctly subor- 
tiinate to the crown; and their administration was less 
exposed, to revolutionary conspiracies. Hence her national 
existence was extended beyond that of the more populous 
and powerful revolted state. The three first ki]»gs, Reiio- 
boam, Abijah, and Asa, in the hope of re-establishing their 
authority over the secessionists, cjirried on an almost in- 
cessant war. Though Pt,ehoboani collected an army of 180,000 
men, he was forbidden by Sliema-iah to use them against his 
brethren. He fortified tiie chief towns against siege, and 
garrisoned them. Sliishak brought against him a mighty 
Egyptian and African host, and he bought a disgraceful 
peace with the chief treasures of the Temple. Abijah walked 
in all the sins of his father, and made strong efforts to 
subdue Israel He was successful in battle, and by the 
capture of many cities acquired a temporary increase of his 
dominions. Asa enlarged iiis territories and fortified his 
frontier. Zerah, the Ethiopian invader, 
was driven with immense loss from 
Mareshah beyond Gerar; and Asa. by 
the help of Benhadad of Damascus, 
compelled Baasha to dismantle the for- 
tresses of Ramah. Hanani remonstrated 
with him for his readiness to trust in 
alliances with princes, and forsaking his 
faith in God. When Jehoshaphat, iiis son, 
reigned in Ms stead, he took a new line 
of policy, and made a league and entei’ed 
into a matrimonial alliance with the 
northern kingdom, his son Jehoram taking 
to wife Athaiiah, daughter of Ahab and 
Jezebel He repulsed invasion, and with 
an active spint pushed on the prosperity 
of Southern Palestine. His warlike 
energy was constantly awake. In Ms 
later years he reposed great trust in his 
son Jehoram, but he seems to have been 
unworthy of tins confidence. After his 
father’s death he put his six brothers and 
many of his nobles td death. His reign 
was full of calamities. The Edomites, 
whom his father vanquished, regained 
their independence; Libnah rebelled 
against Ms government; PMlistines and 
Arabians stormed his palace, slew his wives and all his 
children, except Ahaziah, plundered his treasuries, and 
carried many of his people into captivity. 

Ahaziah (J ehoahaz) favoured idolatry, and was an ally of 
his uncle Jehoram, king of Israel They united their 
efforts against Hazael, but were defeated at Ramoth-Gilead. 
Jehu’s revolt, wMch Elisha favoured, broke out while he was 
visiting Jehoram at Jezreel They went out to meet Jehu. 
He shot Jehoram dead, and Ahaziah, being pursued, was 
mortally wounded, and died at Megiddo. Athaiiah, the 
king’s mother, immediately put all Ahaziah’s cMIdren to 
death except Joash, who was rescued and secreted by his 
aunt Jehosheba, and seized the government and ruled for 
six years. Then Jehoiada the priest produced the infant 
king. Glad to be freed from the cruelty and idolatry of 
Athaiiah, the people doomed her to death, and placed Joash 
on the throne of his ancestors. During the life and regency 
of Jehoiada the nation prospered, but on his death the king 
was surrounded by evil counsellors, and was induced to revive 
idolatry. Rebuked by Zechariah, son of Jehoiada, Joash 


caused him to be stoned to death. Almost immediately 
afterwards ■ Hazael eame from Syria against Jerusalem, and 
carried off' muc!i spoil While Joash was .tying wounded in 
the fortress of hiillo, he was murdered by two of his servants. 
Amaziah, Ms son, at once punished the murderers. He made 
war on the Edomites, ami succeeding, took their capital, Petra. 
He challenged Joash, king of Israel, to battle, and Judah 
v;as discomfited. Amazifih v/as overcome, Jerusalem was 
surrendered, and he was imprisoned in his own capital At 
Lacliisb he was iimrclered by conspirators, and Uaziah, his' 
son, who became a wise, pious, and energetic ruler, was cafied 
to occupy the throne. He carried Ms arms victoriously as- 
far as the Gulf of A.l:aba, and waged victorious war against 
the fiiehunim and Gurljaal Arab.s. Gath, Jabneh, and Ash- 
dod, cities of the P.hifistiiies, had their walls levelled to the 
ground by h.im. He founded new fortified cities in the teni- 
torie.s of his enemies, and rebuilt Jerusalem’s walls. But, 
elated with success, he wislied himself to conduct the worship 
of God, and would have burnt incense on tlie altar. Azariah 
and other priests opposed this: lie persisted, and was smitten 
with a leprosy, of wdfich he subsequently died. Jotliam, who 
during his father’s illness had held the regency, succeeded to 
the throne. His reign w’as prosperous. He fought against 
the King of the Ammonites, and prevailed, making tliem 
tributaries for three years. He “ became mighty because he 
prepared his ways before the Lord Iiis God.” At the time of 
the accession of his son Ahaz, Rezin and Pekah ■were in leagiie 
against Judah. Isaiah encouraged and advised Ahaz, and, 
probably, through Iiis counsels their attack on Jerusalem 
failed. They, however, took the seaport of Elath, and the 



Pliilistines invaded his territories in the south and west, 
Ahaz sought aid from Tiglath-pileser, king of Assyria, who 
overran Syria, took Damascus, killed Rezin, and seized the 
possessions of Israel on the east of the Jordan and in the 
north. Ahaz was made to appear before Damascus as a 
vassal of the Assyrian monarch, and compelled to pay for 
Ms help with the chief treasures of God’s temple and his 
palace. He fell into idolatry, sacrificed to the gods of Syria, 
and put faith in necromancy and witchcraft. Hezekiah did 
not share in the apostasy of his father. He restored the 
Temple worship, and because it had become an object of 
adoration, destroyed the brazen serpent used, it was said, 
by Moses in the healing of the Israelites. On the fall of 
Israel he invited the surviving remnant of Ephraim and 
Manasseh to a united Passover. He regained from the 
Philistines the cities they had won from his father, and over- 
came their chief places, leaving Gaza and Gath alone in their 
possession. Waxing stronger in courage, he refused to pay 
tribute to Assyria. War was threatened, and he, despairing, 
turned his face to the wall and wept sore. He was reassured 
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oy Isaiah, and by an embassy from Babylon making over- 
tures of alliance. In the joy and pride of his heart he made 
ostentatious festivals, and paraded the magnificence of his 
treasures. The cupidity of Babylon was excited. Twice 
the Assyrian sovereign Sennacherib invaded his land. Peace 
was granted for a fine of 800 talents of silver, but Sennacherib 
dealt treacherously with Hezekiah, and sent an army to be- 
siege .Jerusalem. Summoned to surrender, Hezekiah prayed, 
and 185,000 of the invading army in one night “ melted like 
snow in the glance of the Lord.” Under his son and suc- 
cessor, Manasseh, the peace and glory gained by Hezekiah 
were soon lost. He restored idolatry. The Assyrian army, 
in revenge for the support given to Merodach-Baladan of 
Babylon, overran Judah, took Jerusalem, and carried the 
king as a captive into Babylon. Here he repented, and on 
attaining his freedom and sovereignty he put captains of 
war in all the fenced cities of Judah, made a league with 
Psammeticus, and strengthened himself thus against Assyrian 
aggression. Amon, his son, whose name indicates Ma- 
nasseh’s Egyptian alliance, favoured the idolatry of his allies, 
and was slain by conspirators, who placed his son Josiah on 
the throne. Under due guardianship, Josiah improved the 
manners of the state, and issued a special commission for the 
restoi’ation of the Temple. Hilkiah, during this work, found 
the hook of the Law, and read it to the king and the people. 
His zeal for true religion was thereby quickened, and as he 
was grieved by Huidah’s prophecy that his land would be 
made a desolation and a curse, he endeavoured to avert its 
fulfilment. When Pharaoh-Necho resolved to carry war into 
Assyria, and sought to pass from Egypt to Carchemish, Josiah, 
in a spirit of loyalty to treaties entered into before his time, 
opposed the march of the Egyptian army. Battle was joined 
in the plain of Bsdraelon, and Josiah being mortally wounded 
died before he could reach Jerusalem. Jehoahaz (Shallum) 
was chosen to succeed him, but he had only occupied the 
throne three months when Pharaoh-bTecho, returning from 
Carchemish flushed with victory, sent a force to depose him 
and bring him to Eiblah. There he was laden with chains, 
and having been taken to Egypt, died in captivity. Jehoi- I 
akim (Eliakim) was by Pharaoh-Necho set on the throne. I 
Nebuchadnezzar, looking on Judah as one of the tributary 
kingdoms of Egypt, entered Palestine, found Jehoiakim 
defenceless, besieged Jerusalem, and carried off the king in 
fetters to Babylon, taking with him also the spoil of the land 
and the Temple. Jehoiakim accepted the position of vassal- 
king, and Nebuchadnezzar reinstated him. Three years 
afterwards, however, he renounced his allegiance, and his 
overlord sent bands of Chaldeans, Syrians, Moabites, and 
Ammonites — all now subject to Babylonian sway— to harass 
the land. He met a violent end, and was buried without 
ceremony or funeral dirge. In the reign of Jehoiachin, Ms 
son, Nebiicliadnezzar sent a regular army against Judah; the 
king surrendered at discretion, and he, his nobles, his retinue, 
and his household were carried to Babylon, where for thirty- 
six years he eat the bread of a captive. When Evil-Mero- 
dach ascended the royal seat of Babylon, be had compassion 
on the long-imprisoned king, and gave him a place at his 
own table. In the meanwhile the last king of Judah, whose 
own name was Mattaniah, under the titular name of Zede- 
kiah, taken by order of Nebuchadnezzar, was placed in the 
vassal-throne at Jerusalem, with a sadly impoverished country 
to govern. He rebelled against Nebuchadnezzar. He and 
his people mocked and despised the warnings of Jeremiah 
and Ezekiel, and the King of the Chaldees sent an army who 
put the land under fire and sword, broke down the walls of 
Jerusalem, demolished tier palaces, destroyed her Temple, 
and carried away into captivity the remnant of the people. 
Thus, amidst the wails and framings of prophets, the jeers 
and taunts of heathen nations, and the confusion and noise 
of warfare, the ruin of the kingdom of David and Solomon was 
consummated. The kingdom of Israel fell first under the 
yoke of Assyria, and after a hundred and twenty years of 
struggle and trial the kingdom of Judah succumbed to the 
conquering arms of the Babylonians. The captives were 
transformed into colonists, not treated as slaves. The loss 
they had sustained became perceptible to them when they 
found themselves without Temple or worship, Sabbath-day 


or festival season, and by the rivers of Babylon they wept 
when they remembered Zion. Daniel became a pattern ol 
righteousness in a strange land, and Hadasseh (Esther) pro- 
tected the Jews from suffering from a base plot— an incident 
still celebrated at the feast of Purim. 

When ail the old, and many even of the young, who had 
been dragged away from the land of their fathers, had expi 
ated by death their hardness of heart and faithlessness of spirit, 
a train of Jewish exiles were permitted by Cyrus, king of 
Persia, the conqueror of their conquerors, to return and to 
build up the walls of Jerusalem. Under Sheshbazzar or 
Zerubbabel, Ezra, and Nehemiah, a portion of the nation 
made its way to the old land, and the two last, as actors in 
the important work, record the progress of the restoration of 
the holy city and its temple, and the joy with which they 
took possession of their fathers’ land, and felt that the glory 
of their national history depended on their obedience to the 
laws under whose restraints their fathers were restive. 
Nominally, the twelve tribes were reunited and their ancient 
institutions restored; but many of the Jews remained in sub- 
jection to Persia until the conquests of AIexa,nder the Great. 
After his death they submitted to his successors in Egypt 
and Syria. Those who remained in Assyria kept up tena- 
ciously their national peculiarities, and became known as thti 
Dispersion. Of these some ultimately apostatized and wen^ 
absorbed in the general populace of that idolatrous empire : 
some returned and threw themselves fervently into the 
Hebrew national life, while those Israelites who had been left 
in Samaria coalesced with the colonists whom Esarhaddon 
had sent to people the waste places. Under the world-empire 
of Alexander, Palestine enjoyed peace, and after Ms death 
was made part of Syria. As Judea it was at length annexed 
to Egypt, and under the Ptolemies grew in numbers, increased 
in wealth, and took high rank in commerce. Many went 
forth as colonists to various parts of Africa, Syria, Asia 
Minor, and Greece, and being subjected to Hellenic influences 
had their holy books and history translated into Greek. 
Antiochus the Great made war on Egypt to recover Palestine, 
but was defeated by Ptolemy IV. at Gaza. In consequence 
of their refusal to permit Ptolemy to enter within the Holy 
of Holies he persecuted the Jews; and they, when Antlochu> 
annexed Coele-Syria, Piioenicia, and Palestine, submitted tri 
Mm, Then there arose political and religious complications 
— Jewish straitness and Hellenic advocacy of freedom of 
thought and manners came into collision, and the ungodlq 
and they?mis were formed into parties. Ptolemy again acquired 
mastery in Palestine, and when Antiochus would have pur 
sued to the utmost limits a retaliatory war he Imd begun, the 
Romans intervened. By the advice of Hannibal he engaged 
in war with Rome. Successful at first, he was checked at 
Thermopylse and defeated at Magnesia. He was slain at 
Elymais in a popular insurrection. Seleucus IV. (Philopator), 
his successor as idng of Asia, was in his general policy con- 
ciliatory to the Jews; but was murdered by one of his own 
courtiers, Heliodorus, who usurped the crown. Antiochus IV. 
— who had been released from durance as a hostage at Rome 
by Seleucus’ sending his own son Demetrius as his substitute — 
expelled the usurper, and, excluding his nephew, seized the 
throne. He favoured the Greek party: the nationalists re- 
volted; Mattathias and Ms sons, the Maccabees, organized 
their resistance in defence of Israel’s faith and worship. Ter- 
rible woes were endured by the heroes of Jewish Independenee 
before they could occupy Jerusalem and purify the Temple, 
The news of their successes fell upon the ear of Antiochus, 
surnamed by some Epiphanes, the Illustrious, and by others 
Epimenes, the Mad, as he lay dying at Tabfc in Persia. 

The accession of Demetrius I. {Soter^ i,e. the Saviour), 
who, having claimed freedom from the Romans and been 
refused, hurried secretly from Rome to Tripolis and was 
recognized as sovereign of Syria, brought new troubles to 
patriots. He sent Nicanor against Judas the Maccabee . 
but he was defeated first at Capharsalama, and again near 
Bethhoron he was vanquished and slain. In a fresh invasion 
Judas, fighting against desperate odds and treacherously de- 
serted by his forces, perished bravely at Eleasa. Recovering 
from their disorganization, the patriots rallied and called 
Jonathan Apphus (the Cautions), to the leadership. He 
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opposed Bacchides in several campaigns, and so defeated him 
at Bethbasi as to be able to impose term s of peace. A struggle 
arose concerning the sovereignty of Syria between Demetrius 
and Alexander Balas, who was supported by Rome. The 
Maccabees accepted the latter, and gave him aid in the de- 
struction of Demetrius. But when, yielding to self-indul- 
gence, Baks weakened the attachment of the Syrians to him, 
Demetrius II. {Nicator^ i.e. the Victorious) made a descent 
on that land and was crowned at Antioch, Jonatlian agreed 
to supply Mm with a bodyguard of Jews if he would remove 
the %riari troops from Jerusalem. Demetrius evaded the 
treaty; Jonathan then promoted the claims of Antiochus VI., 
and acquired the position of a trusted general. Tryphon 
treacheroiisly lured Jonatlian to Ptoiemais, and put him to 
death in Gilead. Shortly afterwards, embruing his hands 
with his sovereign’s blood, Tryphon usurped the throne of 
Antiochus. Simon, the last of the Maccabees, was chosen 
leader of the pious. He fortified Jerusalem, foiled Tryphon’s 
invasion of Judea, and made alliance with Sparta and Rome. 
Demetrius II. offered amnesty and independence. Religion 
was reformed, the Temple repaired and enriched, commerce 
revived, and Judea was formally recognized as a nation. 
Simon gained favourable regard for the Jews at Rome, and 
devoted his efforts to the arrangement of the internal ad- 
ministration. He, with two of his sons, was murdered at 
D6k by his son-in-law, Ptolemy, who aimed at the crown. 
John Hyrcanus, eldest son of Simon, had escaped assassination. 
He at once assumed sovereignty; but being hard pressed by 
Antiochus VIL, he made a brave resistance and secured 
honourable terms. On the death of Antiochus, in an expedi- 
tion against Parthia, Hyrcanus was able to reduce Idumea, 
to compel the submission of Samaria, and to free Judea — 
now including almost ail the territories of Palestine west 
of Jordan — from Syrian domination. But with this renewal 
of Jewish nationalism, faction became more bitter and intense. 
The Pharisees and the Sadducees, by their ambitious conten- 
tions and partisan policies, disturbed the prosperity of Judea. 
Aristobulus I., the Phil-Helienist, the first king of the mon- 
archy of Judea since the carrying away into Babylon, suc- 
ceeded in annexing Itui*ea, but having murdered his k,vourite 
brother Antigonus, died of remorse. His brother and suc- 
cessor, Alexander Jannseus, began a series of aggressive wars 
and regained the territories of the twelve tribes. The kings 
of Cyprus and Damascus opposed his conquests. The Arabians 
defeated him in Gaulonitis. His subjects rebelled and he was 
driven from his kingdom. He reattained Ms throne and 
crucified 800 opponents. On his death he left his kingdom to 
Ms wife, Salome. She favoured the Pharisees, and by the 
might of her arms maintained the integrity of her dominions. 
Aristobulus IL, after taking part in a revolution and seizing 
the crown, was besieged in the Temple. In the warfare of 
the Ptolemies and the Seleucids, which was now drawing to 
an end, Judea was again entangled. Pompey called Aristo- 
, bulus and his brother to submit their case to Ms arbitration. 
The monarch, anticipating an adverse decision, fortified the 
Temple. Pompey besieged Mm for three months, and on a 
Sabbath entered it, massacred 12,000 Jews, and dismantled 
their fortresses. He appointed Hyrcanus ethnarch of J udea — 
J udah and Benjamin — and made him a tributary to Rome. 
Samaria he organized into an independent state, and annexed 
Galilee to Roman Syria. Among the prisoners with which 
he founded the Jewish colony of Rome were Aristobulus and 
his two sons. Gabienus, who held the proconsulate of Syria, 
reorganized Judea as a part of his province, and Crassus, as 
a preparative for a war against Parthia, robbed the temple of 
the Jews. Julius Csesar induced Aristobulus to go to Syria, 
and as claimant of the throne of Judea create a diversion in 
opposition to Pompey, but he was poisoned on the journey 
thither. Fear Pharsalus Cmsar defeated Pompey and be- 
came master of the world, lie made Antipater, the Idumean, 
procurator of Judea, Galilee, and Samaria — with power to 
fortify Jerusalem, and with conservation of the ethnarchy 
and high priesthood to Hyrcanus. Antipater appointed his 
sons, Phasuel and Herod, respectively governor of Jerusalem 
and tetrarch of Galilee. Herod repressed the banditti in Ms 
district, and, with the help of Sextus Gmsar, proconsul of 
Syria, opposed the priesthood. Herod artfuUy ingi’atiated 


Mmseif with Cassius after CEesaris death, and by betrotMng 
Mariamne, granddaughter of Hyrcanus, conciliated the Jewish 
king and people. After Philippi, Herod gained from Antony, 
for himself and Ms brother, the tetrarchy of Palestine; but 
Antigonus the Asmongean opposed, and with Parthian aid 
defeated him. Herod, with Mariamne and her mother, 
escaped to Masada and thence to Egypt. Cleopatra offered 
Mm the command of her army, but he refused and proceeded 
to Rome. There the senate made Herod King of the 
Jews.” With the aid of the P^.omans Herod took Jerusalem 
and established Ms authority in his realm. He visited Octa- 
vian at Rhodes, after Actium, won the favour of the con- 
queror, and was confirmed in his position as king. He 
introduced Greek and Roman customs and habits, theatres, 
amphitheatres, gladiatorial shows and games, filled the king- 
dom witli monuments of magnificence and taste, rebuilt the 
Temple, and kept constantly improving it year after year. 
An insane mania for murder seems to have seized on Mm and 
made domestic life a bane. He executed Mariamne and her 
mother Salome, Hyrcanus, and ail the surviving members of 
his family. An almost equally maniacal remorse goaded him 
to untold cruelties. The slaughter of the babes of Bethlehem, 
and his order that the nobles who witnessed Ms death should 
be executed immediately thereafter, that universal mourning 
might attend his obsequies, are examples of what bloody 
murders stained his latter days. By will he left the kingdom 
of Judea, Samaria, and Idumea to Archelaus; Galilee and 
Perea he gave, as a tetrarchy, to Herod Antipas, and to PMlip, 
Iturea, Gaulonitis, Trachonitis, and Batanea. Herod Antipas 
died in exile. Herod Philip II., son of Herod and Cleopatra, 
died at Bethsaida- J iilias. Archelaus was banished for tyranny 
to Tienne in Gaul, and committed suicide. His ethnarchy 
was absorbed into Roman Syria, and Quirinus or Oyrenius (& 
second time legate) enforced the census-taxing. Pontius 
Pilate, by favour of Sejanus, was appointed procurator of 
Judea. AU things being ripe for a great cliange in the 
history of the race, the Messiah came, and the Church of 
Christ — a spiritual temple — rose to replace the Temple at 
Rome- destroyed Jerusalem. 


GEOGRAPHY.™ CHAPTER VIIL 

COUNTKIES OF ASIA DESORIBEI) — ITS ISLAITOS AND DAKES— 

INHABITANTS — VEGETABLE, ANIMAL, AND BlINEEAL FKO* 

DtrCTIONS, ETC. 

Russian Asia consists of (1) Siberia, (2) Transcaucasia, and 
(3) Western Turkestan. 

1. Siberia extends from Europe to the Pacific Ocean, 
and from the middle of Asia to the Arctic Sea. It 
occupies, in fact, the whole of the north of Asia from 
AT to 78” lat, 60° B. to 170° W. Ion., an area of 
5,600,000 square miles, upwards of thirty times that of the 
British Isles. It is principally watered by three gigantic 
rivers ; — Obi, in the west, which receives as tributaries (1 ) Tam- 
Ket, Vakh, and Irtish, and (2) through the Irtish (which is 
really larger and longer than the Obi) Om, Ischim, Tobol, and 
Tavda, &:c., and falls into the Arctic Sea; Yenesei — wMch, 
formed by the junction of the Oulon-Keme and the Bey- 
Keme, proceeds from the northern frontier of China, and 
flows almost due north through the centre of the country to 
the Arctic Sea; Lena — ^whose tributaries are (1) Kireugli, 
Vitim, Olekma, and Aldan on the left bank, and (2) Vilui 
and Bakania on the right — rises in Lake Baikal, passes 
Yakutsk, and by many mouths flows into the Arctic Sea. 
The lower courses of these rivers are frozen for the greater 
part of the year. The cMef elevations in Siberia are the 
Altai Mountains, which stretch for about 2000 miles along 
50° N. lat. They consist of prolonged, wavy, roUing ridges, 
divided by high plains or wide valleys. Many branch chains 
run ofif from the mainland, and many lakes are formed in 
their lioUows. Snow covers their sides, and glaciers glitter on 
their summits. The mineral treasures of the region of the 
Altai are varied and rich; the topaz, amethyst, onyx, jasper, 
cornelian, &c., are among its gems, and of the metals, gold, 
silver, copper, lead, and iron are found in it. Mines of 
these metals have been worked by an unknown race h 
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olden times. The alder, aspen, acacia, birch, cedar, fir, 
larch, and willow are among its trees, and upon the slopes 
the banqiietin, chamois, deer, marmot, and wild sheep abound. 
Seaward, the land is desolate, swampy, and uncuiturabie. In 
the centre, grass, shrubs, and a few dwarf trees grow, and, in 
some favoured localities, cereal crops and vegetables. Fine 
fertile tracts are found in the spaces in the south not 
occupied by dense forests. Skeletons of the rliinoceros and 
the mammoth in a fossil state are plenteous in the valley 
silt. Siberia is divided into two vast regions, each of which 
has a governor, and each of these regions is again subdivided 
into minor governments. Tobolsk, Omsk, Tomsk, and 
Yeneseisk are the chief towns in Western, and Irkutsk and 
Yakutsk in Eastern Siberia. 

2. Transcaucasia, or Russia beyond the Caucasus, 
occupies the land lying between the Black Sea and the 
Caspian Sea, and running along the grand mountain-chain 
which, in a diagonal- wise course of 700 miles, joins one sea- 
basin to the other on the northward of the territories of 
Turkey and Persia. The modern governments are called 
Kutais, Tiflis, Shamaki, and Derbend; but the old names of 
these lands are often yet used — Abassia, Mingrelia, Imeritia, 
Georgia, Shirwan, and (part of) Armenia. Their area is 
86,000 square miles. Ahassia. is that narrow strip which 
margins the Black Sea on the north-east. There are many 


highland villages, but no towns in this territory. The heroes 
who fought for the freedom of the Caucasian hill-ranges are 
celebrated in ballad and song. Imeritia, part of the ancient 
Colchis, annexed in 1810, lies inland to the east of Mingrelia, 
a maritime district in the south of the Caucasus; both are 
comprised within the basin of the Rion (or Phaz, the ancient 
Pkasis). It is said to be the native region of the pheasant 
{phasianus). Georgia is a finely diversified country, having 
the Caucasus on the north and west, Shirwan on the east, 
and Armenia on the south, occupying the central portion of 
the valley of the river Kur, which receives tributaries from 
the MU-lands around, and flows into the Caspian Sea. The 
greater portion of the Georgians are Christians connected 
with the Greek Church. Shirwan is the territory between 
Georgia and the Caspian. It is a fertile plain, watered by 
the lower reaches of the Kur. Armenia, so far as it is yet 
Russian, is divided from Georgia on the north by the Kapan 
Mountains. In the south-west rises Mount Ararat {Agri- 
dagh), 17,260 feet. It also contains the large fresh-water 
Lake Gonkcha {Sevan or Erivan), 6Z00 feet above the sea 
level, connected by the Zingui with the Aras, a large, rapid, 
steep-banked river which forms the southern boundary of 
Russian Armenia. In the mountain-districts many of the 
tribes in Transcaucasia are practically independent. Tiflis, 
the seat of the government of Georgia, is on the right bank 



Tiflis 


of the Kur. The Pass of Dariel, which crosses the range of 
the Caucasus, reaches this length, and here the Kruzberg, or 
Mountain of the Cross, commemorates its completion in 
1809. Erivan is the chief town of Armenia. Baku, in 
Shirwan, on the shores of the Apcheronese peninsula in the 
Caspian Sea, is fortified and has a considerable trade. 
Kutais, in Imeritia, on the banks of the Rion, is a small 
town of some mercantile importance. Kars — wliich in 1856 
General Williams defended gallantly for six months, and was 
(with a district of 5670 square miles) ceded to Russia by the 
treaty of Berlin in 1878 — has strong fortifications, built 
chiefly of black basalt, and stands 6000 feet above the 
sea level. 

3. Trans-Caspian Russia, or Western Turkestan— the 
land of the Turks — extends from the south-west boundaries 
of Siberia to the mountain-ranges which form the northern 
border of the plateau of Iran. The basin of the Aral is 
included in it. In the north is the extensive steppe of the 
Kora-Kirghiz. A high barren plateau between the sea of 
Aral and the Caspian Sea rises 640 feet, and is bounded on 
the south by the desert of Khorasan and Khiva to the west 
of the Oxus. The deserts of Kizil-Koum and Kara-Koum, 


with the course of the Sihoon dividing them, lie east of Aral; 
and all the east part of Turkestan, towards the great central 
plateaux, are hill-lands with fertile plains and valleys between 
them. Afghanistan, Persia, and the Hindu-Kush moun- 
tains form the southern boundary. It stretches from the 
Caspian to the Thian-Shan (Heaven-seeking) ranges, 1200 
miles ofif, which form the east separation between Turkestan 
and China, where the Pamir Stej)pe (“the roof the world”) 
stretches for 1000 square miles its snow-clad heights. The 
central quadrangle of Asia constitutes the territory subject 
to Russian administration. It is divided into three proraces 
—Ferghana, formerly the Khanate of Khokan, stretching 
along the upper and middle courses of the Sihoon, having 
Tashkend for its capital; previously called the 

Khanate of Bokhara, lying along the mid-course of the A moo, 
with the ancient Sain arcand, where Tamerlane once reigned, 
for its capital; Z’Azm, an old khanate along the eastern 
margin of the Caspian, a strongly fortified centre for the 
caravan- traffic through the mountain ranges of Tibet and 
China, with Khiva for capital. 

Tur.ket in Asia. — The Ottoman Empire in Asia is much 
more extensive than in Europe. The eastern side of the 



Mioior (the Less) is a peninsular projection from the which supplies timber for shipping. In the interior, in the 
main mass of the Asiatic continent towards Europe. Its Plain of Konieh, is the shallow salt lake of Eoj-hissar, 
coast line exhibits bold headlands, splendid rock scenery, gulfs nearly 90 miles in circumference, 
and bays. The Taurus chain stretches east and west and Syria (probably originally called T^yna^ the land of 
sends off spurs, on which the waves of the Levant lave or or tyre, and mainly the Aram of the Bible) extends from 
dash. The highest point in this range is a snow-crowned the 'mediterranean to the Euphrates. On the west it is 
volcanic cone, .Mount Arjisli, 13,100 feet high. The Plain mountainous, and in the northern part its mountain -lands 
of Kutaiah is treeless and dry, with here and there good form two long chains; the seaward range is the Libanus 
pasturage, and rises 6000 feet above the level of the sea. (Jebel Libnan), and its parallel range is Anti-Libanus. These 
*Parallel to the Black Sea there runs for 100 miles in length are separated by the valley of Coeie-Syria, through which the 
by 40 broad a range called Agatch Degnis (the Sea of Trees) river Leontes flows. More northerly still, a hilly coast region 
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■fronts the sea, while a long retiring valley, watered by the deserts bound it on the east and south. Its most remarkable 
Orontes, lies beliind. The south-west portion of Syria is feature is the long narrow valley of the Jordan a deep ravine 
Palestine, to the southward of Mount Hermon (Jebel-esh- terminating in the Dead Sea. On either side of this wlley a 
■Sheikh, or Old-Man Mountain). The Syrian and Aralnan sneeession of elevated plains appear, some portions of wMcb 
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are distinguished as mountains — e.g. the promontory of Car- 
mel, on the coast of Galilee; the south boundary of the Bay 
of Acre, 1200 feet; Mount Tabor, a conical hill in the 
interior, rising 1000 feet above the plain at its base; Ebal 
and Gerizim, on either side of the fertile valley of Shechem 
in Samaria; Mount Quarantana, in Judea; and in the east 
of Jerusalem, the Mount of Olives, 2724 feet, which itself 
stands on a plateau 2000 feet above the sea-level. The 
Plain of Bsdraelon is in the southern part of Galilee; that of 
Sharon stretches from Carmel to Joppa, and on the western 
slopes of the hill country, between the central table-land and 
the sea, is the Plain of Judma. The Waters of Merom, the 
Lake of Galilee, and the Bead Sea are its chief lakes. Few 
of its rivers are perennial, but the Yarmouk and the Jabbok, 
flowing into the Jordan, the Amon into the Bead Sea, and 
the Kishon and the Belus, falling into the Mediterranean, may 
be named among these. 

Turkish Armenia is a succession of high mountain lands 
and lofty valleys, situated between the basins of the Euphrates 
and Tigris, the boundaries of which are not well defined either 
naturafly or politically. Erzeroum, its ancient capital, is 
6800 feet above the level of the sea, is strongly fortified, and 
was formerly the centre of a large trade, which has greatly 
diminished in recent years owing to Turkish misrule. 

Kurdistan is a continuation of the Armenian hills in a 
southerly direction, on the east of the Tigris, stretching to 
the borderlands of Persia. Its highest point is Bisutan, 
12,000 feet. Here manna (KudretAialvassiz, or the Divine 
sweetmeat) is found on the leaves of the dwarf oak, the 
flowering ash, &c. The different kinds of oak flourish on the 
slopes of its hills, and afford the finest gall-nuts. Tan, on 
the south-east of Lake Tan, is regarded as the city of Semir- 
amis; Mush, on the White River Biarbekr, Mosul, 

Bitlis, and Julamuk are its chief towns. 

Mesopotamia^ or Syiia of the Two Rivers, called also Padan- 
aram (“tlie Plain of Syria”), is now known as Al Jezirah 
(^‘ the peninsula”), from its being almost surrounded by water. 

It occupies the hollow between the upper courses of the 
Euphrates and the Tigris near Telek, and lies between lat. 
35® to 37® 30'. The lower part of this inland peninsular 
tract, from the great bend of the Euphrates to the confluence 
of the two rivers, is called Irak-Arabi, and the whole district 
nearly corresponds to the ancient plains of Assyria and 
Babylon. The upper plains are, though sometimes well- 
wooded, mostly ban-en ; but the lower plains, where they 
border on the Persian Gulf, are naturally fertile. From the 
west of the Euphrates the Syrian desert extends to the 
mountain region of the Syrian coast. It is divided into two 
pashaiics — Urfah and Bagdad — of which, besides capitals of 
the same names, Bir, Sumiezat, Rakka, Hillah, Kurnah, and 
Bassorah are the chief towns. 

Aeabia.— T his great south-western peninsula of Asia ex- 
ceeds in area 1,000,000 square miles. The Syrian desert 
bounds it north, the Gulf of Oman and the Persian Gulf 
west, the Indian Ocean south, and the Red Sea or the 
Arabian Gulf east. A narrow belt of low land, called Gaur 
or Tebama, extends along the coasts; a mountain region then 
rises, and in the interior tliere are a series of high desert 
plateaux, Arabia has no proper perennial rivers, but many 
springs and occasional water-courses occur among the moun- 
tain-valleys and in the oases. It was anciently divided into 
the three parts — Petrma, north-west; Felix, south-west; and 
Deserta, in the midland. The modem division is sevenfold — 
(1) El- tour Sinai, the district around Sinai; (2) El-Hejaz 
{Moly Laiid)^ along the coasts of the north-west; (3) Yemen, 
in the south-west; (4) Hadramaut, along the southern shores; 
(5) Oman, in the south-east; (6) Ei-Hassa, on the shores of 
the Persian Gulf; and (7) Hedjii iu the interior. The town 
and promontory of Aden, rising high and rocky 1776 feet, 
connected by a narrow isthmus to the mainland, is a British I 
possession, used as a coaling station for steamships, and is 
garrisoned. 

Pbesia, called from remote antiquity by the natives Iran, 
is the largest, richest, and most powerful of the kingdoms of 
Western Asia. In the west and north it is traversed hy 
mountain-chains rising 12,000 feet, and the peak of Dema- 
vend attains an elevation of 18.470 feet: but the central and 
von. II. 


eastern portion is a great salt desert. It has neither natural 
landmark nor distinct artificial boundary, though, roughly 
speaking, Turkestan, the Caspian Sea, and Russian Armenia 
border it north, the Persian Gulf and part of the Arabian 
Sea south, Turkey in Asia west, and Afghanistan and. 
Beloochistan east. The Caspian Sea affords it a commercial 
route to Russia, and the Persian Gulf to India. It has- 
scarcely a navigable river except the Karun, 260 miles. It. 
and the Kerkhah (Choaspes), 380 miles, are tributaries tO' 
the Euphrates. The Ettle, song-famous Bendemir stream 
flows into the salt Lake of Bakhtegan in the south. Its 
chief divisions are: — (1) Azerbijan {Land of Fire), north- 
west. In it are the peak of Savalan, 13,000 feet, and the 
great salt Lake of Urumiah. Tabriz, its chief town, is, through 
Turkey, the emporium of commerce with Europe. (2) Ghilan 
and Mazanderan, on the southern shores of the Caspian and 
along the roots of the Elburz, are small in extent. Resht 
contains many bazaars. Sari is a well-built town. (3) Luris- 
tan and Khuzistan, south-west, the latter of which is the 
Shushan of Esther and Daniel; Shuster {Susa) is the capital, 
and Dizful is the largest town. (4) Pars, Laristan and 
Kerman, south; Siiiraz is the chief town, 118 miles inland 
from Bushire, the principal seaport of Persia. (5) Khoras- 
san, east and north-east, induing a part of Kurdistan, is 
almost a desert; Meshid in the north, in the midst of a 
fertile plain, is inclosed by walls 7 miles in circuit; Astrabad 
is at the south-east corner of the Caspian ; Yezd, on an oasis 
in the Great Salt Desert, is a caravan station. (6) Irak-Ajemi, 
in the centre and west, though last-named, is first in rank, 
and possesses both the old and the new capitals — Ispahan and 
Teheran. The west of the province is traversed by the 
Zagros Mountains, and the Holvan, in its course to the 
Tigris, contributes fertility to its banks. Teheran is 70 miles 
from the Caspian, has large and numerous bazaars, and is 
the seat of government. Ispahan is 226 miles distant in the 
south part of the province, in a fine plain watered by the 
Zenderud. Its manufactures and commerce are extensive 
and varied. The sovereign {Shah) is designated Kihla-e- 
Alem, i.e. ^Hhe centre of the universe,” or “the point of 
the world’s adoration.” 

Beloochistan is a rugged, poor, barren country, rather 
larger than Great Britain. The Kurkelei Mountains, running 
parallel with the shores of the Arabian Sea, descend in terraces 
towards the coast. The Hala range stretches northward 
from Kurrachee parallel with the course of the Indus to the 
Bolan Pass — ^a narrow defile 61 miles long. The plateau 
within these ranges is desert and bare; it has no rivers, but 
in the rainy season torrents rush down the gorges of the hills. 
Through it (Gedrosia), Alexander the Great marched Ms 
army when returning from India. Britain has secm*ed right 
of communication through its hill-passes. Kelat, Sharawan, 
Quetta, and Kutch-Gundava, in the north-east, and Jhalawan, 
Luz, and Maki*an, in the south, are the chief towns. ' Almost 
the whole of BeloocMstan is now included in British India. 

Aeohanistan, immediately to the north of Beloochistan, 
is somewhat larger than France. The west and south-west 
consists of sandy wildernesses, with a few bright oases. The 
east and north-east is a series of elevated terraces, from 
which mighty mountains rise towards the Hindu-Kush range, 
wMch divides this territory from Russian Turkestan. The 
country is walled in on the east by the Suleiman Mountains, 

: in wMch the four main passes for trader, pilgrim, or con- 
i queror to and from India are found, viz.; — (1) Khyber, round 
I the north of the range, up Cabul River, and along the Khurd 
I Cabul Pass; (2) Shutagarden, up the Kurruin valley; (3) 
i Gomui, across the centre; and (4) Bolan, through northern 
; Beloochistan. The three chief shites are Cabul, Kandahar, 
and Herat. The first is a fortified city, on a plain 6400 feet 
high, and contains Bala-Hissar, the residence of the Ameer;, 
the second, 280 miles south-west, is defended by a fortreiis 
situated on a lofty precipitous rock, and has considerable trade 
and manufactures; the third is in the centre of miles of desert, 
nearly 400 miles from Cabul Herat is the key of Afghan- 
istan on the west, and it commands the 'only available route 
for military forces to or from India. Hence the interest 
taken In tlie. “scientific” political frontier of this territory. ■ 

IxMA [will be treated of as part of The British Empieh]., 
3-4 
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Thu Chinese Empiee. — This territory includes nearly one- 
fourth of the entire extent of Asia. It is inclosed hy Asiatic 
Russia north, India and the Indo-CMnese Peninsula south, 
Turkestan west, and Pacific Ocean east, and is as large as 
all Europe. It comprises China proper, Mantchuria, Mon- 
golia, Kulja, Kashgaria, Ko-ko-nor, Tibet, and the large 
island of Hainan. It is the third empire in extent and the 
most populous in the world. Totally different features char- 
acterize its immense districts. Pdch-soiled alluvial plains 
contrast with thinly-peopled wastes, and co-exist with vege- 
tationless tracts of sand or shingle, unbroken for leagues, 
except by low hills and rocky ravines. 

Ckina^ by fe,r the most important and populous, is the 
nucleus. It lies between 20® and 41" N. lat, and 98° and 
124° B. ion. Its land-frontier is 4400, coast-line 2500, and 
area 1,300,000 miles. It is separated from Tartary on the 
north by the Great Wall, Tibet is on the west, Burmah, Laos, 
and Annam on the south, and on the east and south-east it is 
laved by the seas of Okhotsk and Japan, the Yellow, the 
Eastern, and the CMnese Seas. Its western surface, espe- 
cially towards Tibet, rises into hills with forest-clad slopes 
and snow-capped peaks; but in its southern districts it is 
beautifully varied by terraced hiUs, clothed with forest and 
plant-life. Its northern portion is perhaps the most per- 
manently productive grain-plain on the globe. All the low 


swampy grounds are used for the raising of rice, and no spot 
capable of supporting vegetable life is left uncultured. The 
tea-plant — Thea mridis and Them hohea — ^grows in almost 
every province. The Hoang-ho is a turbulent, furious river, 
which, because it often broke its banks, an emperor called 
China’s Sorrow; and the Yang- tse-Kiang, the favourite of the 
Chinese, is cairn, ample, and majestic, and readily lends itself 
to transport and navigation. China is divided for administra- 
tive purposes into eighteen provinces: — I. Five northern — (1) 
Chih-le, (2) Shang-tung, (3) Shan-se, (4) Shen-se, and (5) 
Kan-su, of which the respective capitals are Pekin, Tsi-nan, 
Tai-yuen, Sin-gan, and Lan-chow; II. ten central— (l)Kiang- 
su, (2) Ho-nan, (3) Gan-hway, (4) Hu-pe, (5) Sze-chuen, (6) 
Hu-nan,(7)Kwei-chow, (8) Che-kiang, (9)Fu-keen (from which 
Formosa was separated on its cession to Japan), (10) Kiang- 
se, whose chief towns are Kankin, Kai-fung, Kgan-ldn, Vou- 
chang, Ching-tow, Chang-sha, Kuei-yang, Hang-chow, Fu- 
chow, and Han-chang; III. tiiree southern—(l) Kwang-tung, 
(2) Kwang-se, and (3) Yun-nan, having Canton, Kuei-iing, and 
Yun-nan for capitals. Each province is subdivided into 
districts, departments, and circuits. The towns have little 
variety in architecture and arrangement. Their irrigation 
works give occasion for many canals and bridges. The 
British and Portuguese have possessions in the south. The 
island of Hong-kong, and the opposite peninsula of Kow- 
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lung — of which the chief town is Victoria — have been ceded 
to Britain. Mantchwria is the native seat of the reigning 
dynasty. It extends from the Great Wall to the Amoor 
in the north-east. 

Corea is a mountainous peninsula, having an area of about 
80,000 square miles. It was tributary to China before the war 
with Japan in 1894-95, but is now nominally independent. 

Mongolia^ formerly the central seat of the empire of 
Genghis Khan, is sometimes designated Western Tartary. 
It occupies an immense space between Siberia and China 
proper. The “naked desert,” Gobi, 300,000 square miles, 
a frightfully sterile part of the rainless tract of the Old 
World, lies in a hollow 2740 feet below the general height of 
its plateau (nearly 7000 feet), and crosses it from east to 


west. M separated by 280 yards of neutral ground 
from the Siberian town of Kiachta, is a trading town. 

Tibet is the south-west portion of the Chinese Empire, 
and the largest and highest plateau on the earth, from 
10,000 to 15,000 feet in elevation. It is inclosed by the 
Kuenlun and Himalaya Mountains on the north and south. 
It is furrowed with valleys, and from it many of the great 
rivers of Asia flow — e.g, Indus, Sutlej, Brahmapootra, Yang- 
tse-Kiang, Hoang-ho, &c. It is subdivided into Great, Middle, 
and Little Tibet. Lassa, the residence of the Dalai- Lama, 
the pope of Buddhist worship, is the capital of Great Tibet. 

Chinese Tartary, or Kashgaria, sometimes called Eastern 
Turkestan, is a part of the table-land of Mongolia. On 
the south the great Kuenlun range, on the west the Pamir 
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plateau, on the east Gobi, form its boundaries. It is inter- 
sected by the Celestial Mountains, running east and west, 
and dividing it into the two districts of Sungaria, north of 
the Thian-Shan, and Bzemgaria, south of the Thian-Shan. 
Kashgar is the chief town, but Yarkand is the more im- 
portant place in the latter, Kuloja in the former. 

The Japanese Bmpike consists of an elongated curving 
archipelago. It is the insular sovereignty on the eastern 


outskirt of Asia, corresponding to the insular monarchy in 
the west of Europe. Its coasts are generally much broken 
up, and the surrounding waters are studded with innumerable 
picturesque islets. The islands are mostly volcanic and 
mountainous, i^’ot more than one-sixth of its surface is 
capable of cultivation. Yeddo (Ydkiyd), now called Tokio, 
includes 125 villages, covering 15 miles from north to south 
and 11 from east to west. It is the residence of the Mikado 
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(“Yenerable”), and the actual capital The government is a ! 
constitutional monarchy. Its port is Kanagawa. At Yoko- i 
hama there is a granite pier and quay, and there the foreign ] 
merchants reside. Kiydto, an inland city 200 miles west, is the 
old capital. It is near the largest lake in Japan — Biwa, or 
Otsu, 60 miles long by 20 broad, on which small steamers 
ply. Osaka is the commercial capital, and Hioga is its port. 
Osaka is the Paris of Japan, but resembles Venice in being 
intersected by canals. Sixty miles from Tokio the sacred 
mountain of Euyi-yama (“ Rich Scholar Mountain ”) rises to a 
height of 17,365 feet. 

Islands. — ^The insular appendages of Asia are very 
numerous and closely adjoin the mainland. They occur 
chiefly in groups, and seem to be both of coralline and of 
volcanic origin. They have an aggregate area equal to 
nearly one-fifth of the surface of Europe. The Aleutiam 
are a group of small rocky volcanic isles stretching in a 
curving line between the extremity of Kamschatka and the 
promontory of Aliaska in Forth America; the large almost 
peninsular island-strip of ^^aghalien (Tarakai) lies off the 
east coast of Tartary, and is 600 miles long, with a breadth 
varying from 25 to 120 miles; the Great and Little Kurile 
Islands Me a cold and sterile volcanic group between Kams- 
chatka and Japan, in which some peaks are thrown up to a 
height of 6*000 feet. Nearly 4000 islands are included in 
the Japanese series. The chief of these, Mphon, Kiusiu, 
Sikokof, and Yesso, constitute — with the dependent Loo-Choo 
Isla7ids — the main portions of the ancient and extensive 
Empire of Japan, which altogether (including the Kuriles) 
comprises 148,000 square miles. Formosa, ceded to Japan 
on the conclusion of the war in 1895, is a large island on the 
south-east of China, 200 miles in length and 90 miles in 
breadth, and is divided by the mountain-chain of Tu-chan, 
whose peaks reach a height of 10,000 feet, into an eastern 
and western portion, the former of which is inhabited by 
Malays. Hainan, hi the Gulf of Tonquin, is about three- 
fourths the size of Formosa. The ovate island of Ceylon 
(Taprobane) lies off the south-east coast of India, from which 
it is se]^)arated by Paik Strait in the north-east, and by 
the Gulf of Menaar on the north-west; and yet it is almost 
united to the Indian coast by the curious sandbank called 
Adames Bridge, which, while it divides these two waters, 
affords a roadway more tiian halfway to the continent. The 
Andaman Isles, a group of volcanic origin like the Molucca 
and Sunda Islands, of which they seem to be a continuation, 


lie in the Bay of Bengal, and are inhabited by a race of 
Papuan negroes. The Kicohar Islaiids are coralline. The 
chief ones are Great Nicobar, Nancowry, Therese, Sambolong, 
Camorta, and Car-Nicobar. They are 120 miles north-west 
from Sumatra, and are inhabited by Malays. The Maldives, 
or Thousand Isles, are a chain of eighteen groups of coral 
atolls surrounding a central lagoon, stretching along the 
meridian 72® 30' E. Ion. and lying between 45® S. and 7® 6' 
N. lat., inhabited by Mohammedans. The Laccadives are 
a similar and neighbouring group, of which only about twenty 
are of any considerable extent. Anderor, the largest, is 
little more than 6 square miles in area. On the west, in 
the Levant, is 44 miles from the coast of Asia 

Minor, and now a British possession. Prom east to west it 
extends 132 miles, and ranges from 30 to 35 miles in breadth. 
Monte Croce {Olympus\ in the north-west, is 8000 feet high. 
Its chief towns are Lefkosia (or Necosia) and Larnaca. 

Lakes. — The Caspian is a true lake, though from its 
magnitude it has been named a sea. It is the largest inland 
water in the world, 700 miles in length, running north and 
south, and averaging 200 miles in width from east to west; 
its surface extends to 178,866 square miles. It lies 83*6 
feet below the level of the Black Sea. The Sea of Aral 
is likewise a receptacle of river- water, and is a lake without 
an outlet. It has an area of 26,000 square miles. Some 
islands discovered near the centre in an exploring expedition 
undertaken by Russia (1846-48) have been cafled “the 

Islands of the Czar.” Lake Serihol is the highest sheet 

of water on the surface of the globe. At a height of 15^600 

feet, almost equal to that of the peaks of Mont Blanc, it 

gathers up into a crescent-shaped hollow, 14 miles long 
and of an average breadth of one mile, the drainage of the 
pinnacles of the plateaux of Pamir. Lake Baikal, in Siberia 
—the ^‘Holy Sea” of Russia — is 15,000 square miles, and is 
the largest fresh-water expanse in Asia. In winter the ice 
on its surface is extremely thick, and it then becomes the^ 
tea- traffic pathway between China and the Siberian shore. 
The Bead Sea, in Palestine, is 1300 feet below the level of 
the Mediterranean, and is divided into two basins of unequal 
size and dissimilar depth. The southern, and smaller, is 
about 18 feet in depth, while the northern and larger has 
a depth ranging from 1100 to 1300 feet. Its waters, which 
are dark blue, and in some places bottle-green, are, though 
pure and limpid, more bitter, acrid, and disagreeable than 
; sea-water. The bottom is, near the shore, incrusted with 
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salt The hollow which the Dead (or Salt) Sea {Lake 
Asphaltites) occupies is wailed in on the east by steep 
terraced hills, a continuation of the mountains of Moab. 
The north shore is flat, the north-west sloping, the west is 
lofty and precipitous, and the south low and fiat, allowing 
the waters to overflow El G-hor. Urumiah^ in North Persia, 
is 80 miles long and 24 broad. Its waters, 410D feet high, 
somewhat resemble those of the Dead Sea. It is said to 
contain no living thing, except an acotyledonous plant 
of the Fucus order, wMch, when thrown upon the shore, 
gives forth a noxious effluvia. Lake Van^ or Ardjosh, in 
Asiatic Turkey, is embosomed among lofty mountains be- 
tween Armenia and Kurdistan. It has an area of 1400 
square miles, and is 5467 feet above the sea-level. Lake 
Balkash^ or Tenghiz, is a large river-receiving lake, 150 
miles long and 70 broad, in Independent Tartary. 

Bthnoqbaphy. — Asia has been the main region whence 
emigration has spread. Its population is almost entirely 
indigenous. It contains nearly two-thirds of the inhabitants 
of the earth. Drawing a diagonal along the Himalaya 
range, Hindn-Kush, the Caspian Sea, and the Caucasian 
Mountains, we roughly divide the territory of Asia into two 
portions, of which that on the south-west may be said to be 
chiefly inhabited by men of the white (or so-called Caucasian) 
race — Afghans, Arabs, Hebrews, Hindoos, Persians, Syrians, 
(&c. ; and that on the north-east by yellow (or Mongolian) 
races — Chinese, Indo-Chinese, Japanese, Kirghis, Morjgols 
proper, Truchmenes or Turkomans, Tartars, &c. Malays 
occupy the peninsular and insular parts of the soutli, and 
some Finnic varieties inhabit districts in Siberia. 

Botany. — There are six pretty well marked divisions 
of Asiatic vegetation: — (1) Siberian, comprehending the 
northern portion of the continent from Tartary to the 
Arctic Ocean. Here vegetation is limited, cereals are cul- 
tivated with considerable difficulty, and flowers are few. 

(2) Tartarian, where the elevation being great, the climate 
dry, and the atmosphere cold, the botanical species are 
distinct from those in the Siberian region, and not numerous. 

(3) Gashmerian, where sharp winters and fine warm summers 
abound; trees and flowers which require bright light and great 
heat are luxuriant, delicate, and plentiful Fruits grow 
lusciously, cereals and culinary vegetables thrive. (4) Syrian, 
from Southern Persia to the Great Indian Desert, is arid and 
hot. Its want of water and scorching sunshine occasion a ! 
scantiness of species and a general feebleness of plant-life. 
(5) Himalayan, which has the south-west or Indian slopes | 
clad with jungle, which Heber called “ the belt of Death.” I 
Its south-east parts are tropical in vegetation, and its forest 
trees are numerous and varied. The wide range of differing 
climate causes a wide diflerence in the flora of nearly neigh- 
bouring districts. (6) or moist lands, where coffee, 
indigo, sugar-cane, palms, and other tropical products flourish, 
and where some of the most remarkable vegetation of this 
continent is found; and (7) Malayan or equinoctial, where 
fruit-trees, rich-leaved plants, and spices abound. Even a 
catalogue of the various plants of Asia would fill many 
columns. 

2ooloot. — The gi'eat diversity of climate and conforma- 
tion, both horizontal and vertical, which marks the continent 
of Asia, not only affords scope for variety in plant-life, but 
also in animal nature. The number of species of animate 
creatures peculiar to it amounts to nearly one-fifth of the ^fflole 
world. Ruminants largely prevail, and what are known as 
the domestic animals attain a Mgher perfection in Asia than 
elsewhere. Of the deer tribe more than pne-lialf belong 
specially to it, though less than a fifth of the species of 
antelopes show themselves in its area. Four distinct varieties 
of ox are domesticated in different districts. The elephant, 
the horse, the ass, the camel, and the dromedary are valued 
adjuncts of life there. The hog is abhorred by Buddhists 
and Moliammedans, and is mainly domesticated in China. 
The dog is used not only for sport but for food. The true 
apes, except the chimpanzee, belong to Asia. Four , kinds 
of bears, besides the commoner sorts, have their habitat in 
it; so have three different species of the rhinoceros,. Rodents 
are very numerous, and several species of musks — the smallest 
of hoofed animals — and particularly the perfume-producing 


musk of Tibet, inhabit its forests. The birds of Asia are 
not very peculiar, unless it be for the great variety and 
brilliant colours of its gallinaceous fowls. Of reptiles, fishes, 
and insects there are not so many special varieties as 
might at first sight have been expected. So that, on the 
whole, these portions of Asiatic zoology require only general 
mention. 

Minebalogy. — Asia is rich in minerals. Copper, iron, 
and lead were in olden times worked in the mountains of 
Kurdistan; gold, copper, and iron are found in the Ural 
Mountains and in the Altai chain; India yields gold and 
coal; Burma, petroleum and rubies. China, Tibet, and Japan 
furnish quicksilver; the island of Banca, tin. Zinc, porce- 
lain clay, and coal abound in China. Bokhara yields lapU 
luzuli; Ceylon, sapphires; and Siberia, topazes. In fact, 
a larger amount of costly jewels and precious stones have 
been furnished by Asia than by all the other portions of 
the globe. 


THE FRENCH LANGUAGE.— CHAPTER IX. 

In the last cliapter we explained that each French verb 
consists of two parts, the first being the root, winch is mostly 
invariable, and the second the termination, wliich changes 
to indicate the different moods, tenses, numbers, and persons 
of the verb. In conjugating ” a verb all these changes are 
written or pronounced in a regular order. French regular 
verbs may best be arranged in four groups, each of which has 
special terminations of its own for certain cases, as was ex- 
plained at the end of last lesson; we thus say that in French 
there are conjugations. 

The first conjugation contains more than nine- tenths of 
all the verbs in the language. The third conjugation, on the 
other hand, contains very few verbs indeed, as the great 
majority of verbs ending in ~oir are regarded as irregular. 

The minute formal rules usually given for the formation 
of the various tenses often only tend to confuse the learner. 
The following less formal remarks may be found more useful 
if the student assures himself by personal observation of their 
accuracy. They will be found applicable to the irregular 
verbs as well as to the regular:-— 

The always terminates in 

Ulib first person plural always ends with an , s', and the 
third person pilwxd with nt. 

The first and the second person plural of the perfect in- 
dicative, and the third person singular of the imperfect sub- 
junctive, have always a circumflex over the last vowel before 
the terminations mes, tes, t, which are in every verb the same. 

The present subjunctive has the following terminations, 
viz. e, es, e, ions, iez, ent, in all verbs, except avoir, to have, 
and Stre, to be. 

The imperfect subjunctive has always the followfing ter- 
minations: sse, sses, t, ssions, ssiez, ssent. 

The second person singular and the and the 
person plural of the imperative are usually the same as the 
first person singular and the first and second person plural of 
the present indicative, the pronouns of the latter being left 
out. The exceptions to this rule occur in the verbs avoir, to 
have, and Ure, to be. 

imperfect indicative, the conditional, and the future 
I have the following terminations, without a single exception; — 
Imperfect, ais, ais, ait, ions, iez, aient; conditional, rais, rais, 
rait^nons, riez, raient; future, rai, ra^, ra, roiis, rez, rant. 
It will be noticed that the terminations of the imperfect 
and those of the conditional are the same, with the exception 
: of the letter r. The imperfect may also sometimes seem to 
have an r before ais, but then on investigation it will be seen 
that r belongs to the root-stem of the verb, and not to its 
termination. 

The following plain rules for the formation of the persons 
of verbs may be found useful, especially if the student 
examines the paradigms and verifies by liis own observation 
their accuracy and pertinence: — 

If the fi/rst person ends in e mute, the second, ends in es, 
and the third is the same as the first — except in the imper- 
fect subjunctive, the third person singular of which always 
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ends in t with a circumflex over the preceding vowel; as Je 
parle^ iu paries^ il parU; que je parlasse^ que tu parlasses, 
qvSilparlat. 

If the jwst person ends in $ or the second is the same 
as the first, and the third takes t in place of the s or x. But 
if a consonant precedes the s, as when the first person ends 
in ds^ cs, or ts^ the s is suppressed in the third person, with- 
out the t being substituted for it; as Je parlais, tu parlais, 
il parlait; je mux^ tu veux^ il mut; je mnds, tu vends^ il 
vend; je mines, tu vaincs, il mine; je mets, tu mets, il met. 

When the person ends in ai, the second ends in as 
and the third in a; as /<? parlai^ tu parlas, il parla\ fai, 
tu as, il a,. 

The first and second persons plural end in ons and ez in 
every tense except the perfect of the indicative, in which 
tense they always end in mes, tes; except 71021s sommes, vous 
Stes, 2)ous faites, vous dites, in the present tenses of Ure^ 
faire, and dire. 

The thwd person plural ends in ent in every tense except 
the future, in which it ends always in ont; except in Us ont. 
Us sont, its font, Us vont, wliich are the third persons plural 
of avoir, Stre, faire, and alter. 

The present indicative, is used to translate I speak, 

I am speaking, I do speak; the present eor\^t\QXi2b\,jeparlerais, 
means I should or would speak; the present subjunctive, que 
je parle, means (it is possible) that I may speak, or that I 
shall speak, thus being used in a future sense. 

In all cases where in English the verb “ to do ” is used — 
thus, I do speak, I did speak — it is simply ignored in trans- 
lating into French; as, I do speak, je p>arlei I did speak, ye 
parlai. 

The student may now proceed to learn the first conjuga- 
tion, and after he has done this he should carefully re-read 
the preceding part of this lesson, and also the whole of last 
lesson. When he has done so, anything which seemed diffi- 
cult or obscure to him should appear quite plain. 

Learn the simple tenses first. The compound ones should 
present little difficulty, as they closely resemble those of the 
auxiliary verbs. 

First Conjugation — Parler, to speak. 

Pres, infinitive^ Parler, to speak. 

Past infinitim, Avoir parie, to have spoken. 

Pres, participle. Parlant, speaking. 

Past participle. Ayant parie, having spoken. 

INDICATIVE MOOD. 


Sing. 1. Je parie, 

2. tu paries, 

3. il parie, 

Plur. 1. nous parlous, 

2. vous parlez, 

3. iis parlent, 


Sing. 1. Je } 

2. tu parlais, 

3. il parlait, 
Piur. 1. nous pardons, 

2. vons pariiez, 

3. ils parlaient, 


PRESENT TENSE. 

I fpeak, 
thou speakest, 
he speaks, 
we speak, 
you speak, 
they speak. 

IMPERFECT TENSE. 

I was speaking, 
thou wast speaking, 
he was speaking, 
we were speaking, 
you were speaking, 
they vjere speaking. 


PERFECT DEFINITE TENSE. 


Sing. 1. Je parlai, 

2. tn parks, 

3. il park, 

Piur. 1. nous parlames, 

2, vous parktes, 

3. ils parkrent, 


1 spoke, 
thou spokest. 
he spoke, 
we spoke, 
you spoke, 
they spoke. 


PLUPERFECT TENSE. 


PERFECT INDEFINITE TENSE. 


Sing. 1. Jki parie, 

2. tu as park, 

3. il a parie, 

Piur. 1. nous avons parie, 

2. vous avez parie, 

3. ils ont park. 


i have spoken, 
thou hast spoken, 
he has spoken, 
we have spoken, 
you have spoken, 
they have i 


Sing. 1. J’eus park, 

2. tu eus park, 

3. il eut park', 

Piur. 1. nous eumes park, 

2. vous eutes park, 

3. ils eurent park, 


/ had spoken, 
thou hadst spoken, 
he had spohe^i. 
we had spoken, 
you had spoken, 
they had spoken. 


PLUPERFECT DEFINITE TENSE. 


Sing. 1. J’avais park, 

2. tu avais park, 

3. U avait park, 
Piur. 1. nous avions park, 

2. vous aviez park, 

3. ils avaient park, 


I had spoken, 
thou hadst spoken, 
he had spoken, 
we had spoken, 
you had spoken, 
they had spoken. 


FUTURE TENSE. 


Sing. 1. Je parlerai, 

2. tu parleras, 

3. il parlera, 

Piur. 1. nous paiierons, 

2. vous parlerez, 

3. ils parleront. 


I shall speak, 
thou wilt speak, 
he will speak, 
we shall speak, 
you will speak, 
they will speak. 


FUTURE PERFECT TENSE. 


Sing. 1. J’aurai park, 

2. tu auras parie, 

3. il aura parie, 

Piur. 1, nous aui-ons park, 

2. vous aurez parie, 

3. ils auront i 


/ shall have spoken, 
thou wilt have spoken, 
he will have spoken, 
we shall have spoken, 
you will have spoken, 
they will have spoken. 


CONDITIONAL MOOD. 

PRESENT TENSE. 


Sing. 1, Je parierais, 

2. tu parierais, 

3. il parlerait, 
Piur. 1. aous parlerions, 

2. vous parleriez, 

3. ils parleraient, 


I should speak, 
thou wouldst speak, 
he would speak, 
we should speak, 
you would speak. 


PAST TENSE. 


Sing. 1. J’anrais park, 

2. tu aurais park, 

3. il aurait parie, 
Piur. 1. nous aurions park, 

2. vous auriez park, 

3. ils auraient i ’ ' 


Sing. 2. 


I should have i_ 
thou wouldst have spoken, 
he would have spoken, 
we should have spoken, 
you would have spoken, 
they would have spoken. 


IMPERATIVE MOOD. 

Parle, speak! (fhou^. 

3. qu’il paak, let him speak. 

Piur. 1. parlous, let us speak. 

2. parlez, speak! iyou). 

3. qu’ils parlent, let them, speak. 

SUBJUNCTIVE MOOD. 

PRESENT TENSE. 


Sing. 1. Qne je park, 

2. que tu paries, 

3. qu’il park, 

Piur. 1. que nous pardons, 

2. que vous pariiez, 

3. qu’ils parlent, 


that I may speak, 
that thou mayst speak, 
that he may speodc. 
that we may speak, 
that you may speak 
that they may speak. 


IMPERFECT TENSE. 


Sing. 1. Que je parksse, 

2. qne tu parksses, 

3. qu’il parkt, 

Piur. 1. que nous parkssions, 

2. que vous parkssiez, 

3. quids parkssent, 


that I might speak, 
that thou mightst speak, 
that he might speak, 
that we might speak, 
that you might speak, 
that they might speak. 


PERFECT TENSE. 


Sing. 1. Que j’aie park, 

2. que tu aies park, 

3. qu’ii ait park, 

Piur. 1. que nous ayons park. 

2. que vous ayez park, 

3. qu’ik aient park, 


that ! may have spoken, 
that thou mayst have spoken, 
that he may have spoken, 
that we may have spoken, 
that you may have .^pokem. 
that they may have t 
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PLTTFEKFBCT TENSE. 


Sing. 1. Qne j^ensse parl^, that T might ham i_ 

2. qne tn ensses parle, that thou mightst have spoken. 
S. qn’il eUt parM, that he might have spoken. 

Pinr. 1. qne nous eussions parl6, that we might have spoke', 


2. qne vous eussiez parle, 
S. qn’ils enssent parM, 


that you might have spoken, 
that they might have spoken. 


BXEH.CISES. 

Write out in a column a translation of the following sen- 
tences, and compare it with the verb as given above. Then 
mark off and correct all errors ; — 

Speaking, Having spoken. We speak. He was speaking. They 
spoke. We have spoken. I had spoken (plnperfect). He had 
spoken (pluperfect definite). You will speak. They will have spoken. 
I should speak. He would speak. We would have spoken. Speak 
(you). That he may speak. That they may speak. That you might 
That t may have spoken. That you might have spoken. 


The following are among the many verbs conjugated like 
farter: — Dam-er, to dance; port-er, to carry; ckant-er, to 
sing: the root is separated from the termination by a hyphen. 
For practice conjugate all the simple tenses of each of these 
verbs, thus~;> peme^ tu penses^ &c. ; je pensais, tu pensais^ 
&c. 

We shall now proceed at once with the remaining three 
conjugations, for it will afterwards prove useful to have 
them all together for reference; but the student should make 
himself thoroughly acquainted with the inflexions of parler 
before leaving the consideration of it. 

Second Conjugation. — The majority of the verbs of the 
second conjugation have the following characteristic termina- 
tions: — Infinitive present, -ir; present participle, -issant; 
past participle, -i; present indicative, -is, -is, -it, -issom, 
-issez, -issent; perfect definite, -is, -is, -it, -imes, -Ues, 
-irent The compound tenses are formed in exactly the 
same way as those of parler. 

Second Conjugation — Finie, to finish. 


PEUPERPECT TENSE. 

Sing. 1. J’eus fini, 

/ had finished. 

2. tu eus fini. 

thou hadst fimshed 

3. il eut fini. 

he had finished. 

Plur. 1. nous efimes fini, 

we had finished. 

2. vous eutes fini, 

you had finished. 

3. ils eurent fini, 

they had finished. 

PLUPERFECT DEFINITE TENSE. 

Sing. 1. J’avais fini, 

/ had finished. 

2. tu avals fini, 

thou hadst fimished 

3. il avait fini, 

he had finished. 

Plur. 1. nous avion s fini. 

we had finished. 

2. vous aviez fini, 

you had fivisked. 

3. ils avaient fini, 

they had fimshed 

FUTURE TENSE. 

Sing. 1. Je finirai, 

I shall finish. 

2. tu finiras, 

thou wilt finish. 

3. il finira, 

he will finish. 

Plur. 1. nous firiirons, 

we shall finish. 

2. vous finirez, 

you will finish. 

3. ils finiront, 

they will finish. 

future 

perfect tense. 


Pres, infinitive, 
Past infinitive, 
Pres, participle, 
Past participle. 


Finir, 
Avoir fini, 
Finissant, 
Ayant fiui. 


to finish, 
to have finished, 
finishing. 


INDICATIVE MOOD. 


Sing. 1. Je finis, 

2. tu finis, 

8. il finit, 

Piur. 1. nous finissons, 
2. vous finissez, 
8. ils finissent, 


Sing. 1. Je finissais, 

2. tu finissais, 

8. n finissait, 
Plur. i. nous finissions, 
2. vous finissiez, 
8. ils fiuissaient, 


PRESENT TENSE. 

I finish, 
thou finiskest. 
he finishes, 
we finish, 
you finish, 
they finish. 

IMPERFECT TENSE. 

I was finuhing. 
thou wast finishing, 
he was finishing, 
we were finishing, 
you were finishing, 
they were finishing. 


PERFECT DEFINITE TENSE. 


Sing. 1. Je finis, 

2. tu finis, 

3. il finit, 

Plur. 1. nous finixnes, 

2. vous finites, 

3. ils finirent, 


I finished. 


wej 
you finished, 
they finished. 


PERFECT INDEFINITE TENSE. 


Sing- 1. J’ai fini, 

2. tu as fini, 

8. il a fini, 

Plur. 1. nous avons fini, 
2. vous avez fini, 
8. ils out fini, 


I have finished, 
thou hast finished, 
he has finished, 
we have finished, 
you have finished, 
they have finished. 


Sing. 1. J’aurai fini, 

2. tu auras fini, 

3. il aura fini, 

Plur. 1. nous aurons fini, 

2. vous aurez fini, 

3. ils auront fini, 


I shall have fimshed. 
thou wilt have finished, 
he will have finished, 
we shall have finished, 
you will have finished, 
they will have finished. 


CONDITIONAL MOOD. 


PRESENT TENSE. 


Sing. 1. Je finirais, 

2, tu finirais, 

3. il finirait, 
Plur. 1. nous finirions, 

2. vous finiriez, 

3. ils finiraient. 


I should finish, 
thou ‘wouldst finish, 
he would finish, 
we should finish, 
you would finish, 
they would finish. 


PAST TENSE. 


Sing. 1. J’aurais fini, 

2. tu aurais fini, 

3. il aurait fini, 
Plur. 1. nous aurions fini, 

2. vous auriez fini, 

3. ils auraient fini, 


I should have finished, 
thou wouldst have finished, 
he would have finished, 
we should have finished, 
you would have fimshed. 
they would have finished. 


IMPERATIVE MOOD. 


Sing. 2. Finis, 

3. qu’il finisse, 
Plur. 1. finissons, 

2. finissez. 

3. qu’ils finissent. 


finish (thou), 
let him finish, 
let us finish, 
finish ((^you). 
let them finish. 


SUBJUNCTIVE MOOD. 


PRESENT TENSE. 


Sing. 1. Que je finisse, 

2. que tu finisses, 

3. qu’il finisse, 

Plur. 1. que nous finissions, 

2. que vous finissiez, 

3. qu’ils finissent, 


that I may finish, 
that thou may St finish, 
that he may fiMsh. 
that we may finish, 
that you may finish, 
that they may finish. 


IMPERFECT TENSE. 


Sing. 1. Que je finisse, 

2. que tu finisses, 

3. qu’il finit, 

Plur. 1. que nous finissions, 

2. que vous finissiez, 

3. qu’ils finissent, 


that 2 might finish, 
that thou mightst finish, 
that he might finish, 
that we might finish, 
that you might finish, 
that they might finish. 


PERFECT TENSE. 


Sing. 1. Que j’aie fiui, 

2. que tu aies fini, 

3. qu’il ait fini, 

Plur. 1. que nous ayons fini, 

2. que vous ayez fini, 

3, qu’ils aient fini, 


that I may haoe finished, 
that thou 'may St have finished 
that he may have finished, 
that we may have finished, 
that you may have finished, 
that they may have finished. 
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PIjXJFERFECT tense.. 

Sing. 1. J’ensse fini, that I might have ^finished. 

2. qne tu ensses fini, that thou mightst have finished. 

3. qu’il etit fini, that he might have finished, 

Flnr. 1. qne nous enssions fini, that we might have finished. 

2. que vous eussiez fini, that you. might have finished. 

3. qu’ils eussent fini, that they might have finished. 

There are three classes of exceptions to the way in wMch 
fimir is conjugated, hut the verbs in which they occur are 
still said to belong to the second conjugation: in all of them 
the present participle ends in -ant, not in 

Exceptions.- — (1) Dorndr, to sleep ; mentir, to speak 
falsely, to lie ; partir, to start ; sentir, to feel ; sortir, to go 
out ; servir, to serve ; and all their compounds are conjugated 
thus:— 

Lormir, to sleep; dormant, sleeping; dormi, slept. 

Indicative. 


Imperfect . — Je venais, tu venais, il venait ; nous venions, 
vous veniez, ils venaient. 

Perfect Definite.— I vins, tu vins, il vint; nous vinmes, 
vous vintes, ds vinrent. 

Future . — Je viendrai, tu viendras, ii viendra ; nous vien- 
drons, vous viendrez, ils viendront. 

Conditional. 

Present . viendrais tu viendrais, il viendrait ; nous 
viendrions, vous viendriez, ils viendraient. 

Subjunctive. 

Present . — Que je vienne, que tu viennes, qu’il vienne ; que 
nous venions, que vous veniez, qu’ils viennent. 

Imperfect . — Que je vinsse, que tu vinsses, qu’il vint; que 
nous vinssions, que vous vinssiez, qu’ils vinssent. 

Impeeativb. 

Viens, come; venons, let us come; venez, come (ge). 


Present. — Je dors, tu dors, il dort; nous dormons, vous 
dormez, ils dorment. 

Imperfect. — Je dormais, tu dormais, il dormait; nous dor- 
mions, vous dormiez, ils dormaient. 

Perfect Defmite. — Je doimis, tu dormis, il dormit; nous 
dormimes, vous dormites, ils dormirent. 

Future. — Je dormirai, tu dormiras, il dormira; nous dor- 
mii'ons, vous dormirez, ils dormiront. 

Conditional. 

Present. — Je dormirais, tu dormirais, il dormirait; nous 
dormirions, vous dormiriez, ils dormiraient. 

Subjunctive. 

Present. — Que je dorme, que tu dormes, qu’ii dorme; que 
nous dormions, que vous dormiez, qu’ils dorment. 

Imperfect. — Que je dormisse, que tu dormisses, qu’il dor- 
mit ; que nous dormissions, que vous dormissiez, qu’ils dor- 
missent. 

Imperative. 

Dors, sleep {thou); dormons, let us sleep; dormez, sleep 

(2) Omrir, to open ; couvrir, to cover ; offrir, to offer ; 
souffrir, to suffer ; and their compounds are conjugated thus: — 

Oouvrir, to co'cer; couvrant, comHng; convert, covered. 

Indicative. 

Present. — Je couvre, tu couvres, il couvre ; nous couvrons, 
vous couvrez, ils couvrent. 

Imperfect.—-^ Q couvrais, tu couvrais, ii couvrait; nous 
couvrions, vous couvriez, ils couvraient. 

Perfect Definite.— I q couvris, tu eouvris, il eouvrit; nous 
eouvrimes, vous couvrites, ils couvrirent. 

Future.— lei couvrirai, tu couvriras, il couvrira ; nous cou- 
vrirons, vous couvrirez, ils couvriront. 


EXBBCXSES. 


Write out in a column a translation of the following sen- 
tences, then compare it with the foregoing verb, and mark 
and correct any error made: — 

Finishing. Having finished. We finish. He was finishing. They 
finished. We have finished. I had finished (plnperfect). He had 
finished (plnperfect definite). You will finish. They will have 
finished. I should finish. He would finish. We would have finished. 
Finish (you). That he may finish. That they may finish. That 
you might finish. That I may have finished- That you might have 
finished. 


Also conjugate aloud all the moods and tenses of the fol- 
lowing verbs ; — Avert-ir, to warn ; hdt-ir, to build ; flewr-ir, 
to blossom; and among the exceptions conjugate (1) sent-ify 
to feel ; serv-ir, to serve ; consent-ir, to consent ; (2) offr-ir, 
to offer ; rouvr-ir, to re-open ; (3) ten-ir, to hold ; reven-ir, to 
return — observing, in doing so, that the terminations given 
above are added to the root, which is here the part preceding 
the hyphen. 

Third Conjugation. — There are only seven regular verbs 
in the third conjugation, and they all end in -evoir; the most 
commonly used are recevoir, to receive, and devoir, to owe, 
AU verbs merely ending in -oir have some irregularity, which 
will require to be learned afterwards. A c before an e is 
always sounded like s, and a cedilla (p) is placed under the e 
which precedes the termination in these verbs whenever it 
comes before a, o, or u, so as to make it always sound like 
Thus pronounce recevoir, ri-se-vw6r; regu, r&-soo; regoivent, 
re-mSv. 


TMrd Conjugation — Rboevoir, to receive. 


Pres, infinitive, 
Past infinitive, 
Pres, participle, 
Past participle. 


Recevoir, 
Avoir regu, 
Recevant, 
Ayant regu, 


to receive, 
to have received, 
receiving, 
having received. 


Conditional. 


INDICATIVE MOOD. 


Present.— So couvrirais, tu couvrirais, il couvrirait ; nous 
couvririons, vous couvririez, ils couvriraient. 

Subjunctive. 

Present . — Que je couvre, que tu couvres, qu’il couvre ; que 
nous couvrions, que vous couvriez, qu’ils couvrent. 

Imperfect . — Que je couvrisse, que tu couvrisses, qu’il 
eouvrit; que nous couvrissions, que vous couvrissiez, qu’ils 
eouvrissent. 

Imperative. 

Couvre, cover {thou); couvrons, let us cover; couvrez, 
cover {pe), 

(3) Venir, to come; tenir, to hold; and all compounds of 
these verbs, such as revenir, to return; contenir, to contain, 
are conjugated thus: — 

Venir, to come; venant, coming; venu, come. 

Indicative. 

Presmt.—So viens, tu viens, il vient; nous venous, vous 
venez, ils viennent. 


PRESENT TENSE. 


Sing. 1. Je regois, 

2. tn regois, 

3. ii regoit, 

Plur. 1. nous recevons, 

2. vous recevez, 

3. ils regoivent, 

Sing. 1. Je recevais, 

2, tu recevais, 

3. R recevait, 
Plur. 1, nous recevions, 

2, vous reeeviez, 

3. ils recevaient, 


J receive, 
thou receivest, 
he receives, 
we receive, 
you receive, 
they receive. 

IMPERFECT TENSE. 

/ was receiving, 
thou woLSt receiving, 
he was receiving, 
we were receiving, 
you were receiving, 
they were receivmg. 


PERFECT DEFINITE TENSE. 


Sing. 1. Je regus, 

2. tu regus, 

3. il regut, 

Plur. 1. nous regfimes, 

2. vous regfites, 

3. ils regurent, 


1 received, 
thou receivedst. 
he received, 
we received, 
you received, 
they received. 
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PERFECT . INDEFINITE TENSE. 


Sing. 1. J’ai re^ti, 

2. tn as re^su, 

3. il a re(;:u, 

Plur. 1. nous avoas re9u, 

2. vous avez re9u, 

3. ils ont re9Q, 


I have received, 
thou hast receivecL 
he has received, 
we have received, 
you have received, 
they have received. 


Sing. 1. J’eufi re9u, 

2. tu eus re9u, 

3. il ent re9u, 

Plm*. 1. nous eumes refu, 

2. vous eutes re9u, 

3. ils eurent re9u, 


PLUPBEEECT TENSE. 

/ had received, 
thou hadst received, 
he had received, 
we had received, 
you had received, 
they had received. 



PLUPERFECT 

DEFINITE TENSE. 

Sing. 1. 

J’avais re9U, 

/ had received. 

2. 

tu avals re9u, 

thou hadst received. 

3. 

il avait re9u, 

he had received. 

Plur. 1. 

nous avions re9u, 

we had received. 

2. 

vous aviez re9U, 

you had received. 

3. 

ils avaient re9u, 

they had received. 


FUTURE TENSE. 

Sing. 1. 

Je recevrai. 

1 shall receive. 

2. 

tu recevras, 

thou wilt receive. 

3. 

il recevi-a, 

he will receive. 

Plur. 1, 

nous recevrons, 

we shall receive. 

2. 

vous recevrez, 

you taill receive. 

3. 

ils i*ecevront, 

they will receive. 


FUTURE PERFECT TENSE. 

Sing. 1. 

J’aurai re9u, 

I shall have received. 

2. 

tu auras re9u, 

thou wilt have received. 

3. 

il aura re9U, 

he will have received. 

Plur. 1. 

nous aurons re9u, 

we shall have received. 

2. 

vous aurez re9U, 

you will have received. 

8 . 

ils auront re9u, 

they will have received. 


CONDITIONAL MOOD. 


PRESENT TENSE. 


Sing. 1. Je recevrais, 

2. tu recevrais, 

S. il recevi-ait, 
Plur. 1. nous recevrions, 

2. vous recevriez, 

3. ils recevraient, 


Sing. 1. J’anrais 1090, 

2. tu aurais re9U, 

3. il aurait re9U, 
Plur. 1. nous aurions re9U, 

2. vous auriez re9u, 

3. ils auraient re9u, 


/ should receive, 
thou wouldst receive, 
he would receive, 
we should receive, 
you would receive, 
they would receive, 

PAST TENSE. 

/ should have received, 
thou wouldst have received, 
he would have received, 
we should have received, 
you would have received, 
they would have received. 


IMPERATIVE MOOD. 


Sing. 2, Re9ois, 

receive (t.hou). 


PERFECT 

DEFINITE TENSE., 

3. qu’il re9oive, 

let him receive. 

Sing. 

1. Je vendis, 

2. tu vendis, 

Isold. 

Plur. 1, recevoQS, 

let us receive. 

thou soldst. 

2. recevez, 

receive i^you). 


3. il vendit, 

he sold* 

3. qu’ils re9oivent. 

let them receive. 

Plur. 

1. nous ven(Rmes, 

we sold. 



2. vous vendites, 

you sold. 

SUBJUNCTIVE MOOD. 


3. ils vendirent, 

they sold. 

PRESENT TENSE. 


PERFECT 

INDEFINITE TENSE. 

Sing. 1. Que je re9oive, 

that I may receive. 

Sing. 

1. J’ai vendu, 

/ have sold. 

2. que tu re9oives, 

that thou mayst receive. 

2. tu as vendu, 

thou hast sold 

3. qu’il re9oive, 

that he may receive. 


3. il a vendu, 

he has sold. 

Plur. 1, que nous recevions, 

that we may receive. 

Plur. 

1, nous avons vendu, 

we have sold. 

2. que vous reeeviez, 

that you may recdve. 

! , , 

2. vous avez vendu, 

you have sold. 

3. qu’ils resolvent, 

that they may receive. 

t . \ 

I . 

3, ils ont vendu, 

they have sold. 


PERFECT TENSE. 


Sing. 1. Que j’aie re9u, 

2. que aies re9U, 

3. qu’O ait re9u, 

Plur. 1. que nous ayons re9U, 

2. que vous ayez re9U, 

3. qu’ils aient re9U, 


that 1 may have received, 
that thou mayst have received 
that he, may have received, 
that we may have received, 
that you may ha-ve received, 
that they may have received. 


PLUPERFECT TENSE. 


Sing. 1. Que j’eusse repu, 

2. que tu eusses repn, 

3. qu’il eut re9U, 

Plur, 1. que nous eussions requ, 

2. que vous eussiez re9U, 

3. qu’ils eussent re9u. 


that I might have received, 
that thou mighut have, received, 
that he might have received, 
that we might have received, 
that you might have received, 
that they might have received. 


EXERCISES. 

Write out in a column a translation into French of the 
following sentences, and compare the exercises with the 
foregoing verb. Then mark off and correct all errors: — 

Receiving. Having received. We receive. He was receiving. 
They received. We have received. I had received (pluperfect). He 
had received (pluperfect definite). You will receive. They wiU have 
received. I should receive. He would receive. We would have 
received. Receive (you). That he may receive. That they may 
receive. That you might receive. That 1 may have received. That 
you might have received. 

Fourth Conjugation. — There are only about forty regu- 
lar verbs in this conjugation, and they may be recognized 
by their ending in -andre, -endre^ -ondre, -erdre, -ordre 
(except to take, and its compounds). The present 

participle of all regular verbs of this conjugation end in -dmt. 

Foinrth Conjugation — V endre, to sell 

Pres, infinitive,, Vendre, to sell. 

Past iffinitive., Avoir vendu, to have sold. 

Pres, participle., Vendant, selling , 

Past participle,, Ayant vendu, having sold. 

INDICATIVE MOOD. 

PRESENT TENSE. 

i sell, 

thou sellest, 
he sells, 
we sell, 
you sell, 
they sell. 


Sing. 1. Je vends, 

2. tu vends, 

3. il vend, 

Plur. 1. nous vendons, 

2. vous vendez, 

3. ils vendeiit, 


Sing. 1. Je vendais, 

2. tu vendais, 

3. il vendait, 
Plur. 1. nous vendions, 

2. vous vendiez, 

3. ils vendaient, 


IMPERFECT TENSE. 

I was selling, 
thou wast selling, 
he was £ 
we were i 
you were i 
they were i 


IMPERFECT TENSE. 


Sing. 1, Qne je requsse, 

2. que tu re9usses, 

3. qu’il re9fft, 

Plur. 1. que nous re9ussions, 

2, que vous requssiez, 

3. quils re9U8sent, 


that I might receive, 
that thou migktst receive, 
that he might receive, 
that we might receive, 
that you might receive, , 
that they might receive, . 


pluperfect tense. 


Sing. 1, J’eus vendu, 

2. tu eus vendu, 

3. il eut vendu, 

Plur. 1. nous effmes vendu, 

2. vous eutes vendu, 


/ had sold, 
thou hadst sold, 
he had sold, 
we had sold, 
you had sold, 
they had sold. 
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giflg. 1. J’avais vendn, 

2. tn avals vendu, 

8. il avait vendti, 
Plur. 1. nous avions vendu, 

2. vous aviez vendu, 

3. ils avaient vendu, 


PLUFEBFBCT DBFIKITE TENSB. 

/ had sold, 
thou hadst sold, 
he had sold, 
we had sold, 
you had sold, 
they had sold. 


FUTUKB TENSB. 


Sing. 1. Je vendxai, 

2. tu vendras, 

3. il vendra, 

Plur. 1. nous vendrons, 

2. vous vendrez, 

3. ils yendront, 


I shall sell, 
thou wilt sell 
he will sell 
we shall sell, 
you will sell 
they will sell. 


FUTURE PERFECT TENSB. 


Sing. 1. J’aurai vendu, 

2. tu auras vendu, 

3, il aura vendu, 

Plur. 1. nous aurons vendu, 

2. vous aurez vendu, 

3. ils auront vendu, 


/ shall have sold, 
thou wilt have sold, 
he will have sold, 
loe shall have sold, 
you will have sold, 
they will have sold. 


CONDITIONAL MOOD. 


PRESENT TENSE. 


Sing. 1. Je vendrais, 

2. tu vendrais, 

3. il vendrait, 
Plur. 1. nous vendrions, 

2. vous vendriez, 

3. ils vendraient, 


Sing. 1, J’aurais vendu, 

2. tu aurais vendu, 

3. il aurait vendu, 

Plur. 1. nous aurions vendu, 

2. vous auriez vendu, 
8. ils auraient vendu, 


I should sell, 
thou wouldst sell, 
he would sell, 
we should sell, 
you would sell, 
they would sell 

PAST TENSE. 

/ should have sold, 
thou wouldst have sold, 
he would have sold, 
we should have sold, 
you would have sold, 
they would have sold. 


IMPERATIVE MOOD. 


Sing. 2. Vends, 

3. qu’il vende, 
Plur. 1. vendons, 

2. vendez, 

3. qu’ils vendent, 


sell (thou), 
let him sell, 
let us sell, 
sell (you), 
let them sell 


SUBJUNCTIVE MOOD. 


PRESENT TENSE. 


Sing. 1. Que je vende, 

2. que tu vendes, 

3. qu’il vende, 

Plur. 1. que nous vendions, 

2. que vous vendiez, 

3. qu’ils vendent, 


that I may sell, 
that thou mayst sell, 
that he may sell, 
that we may sell, 
that you may sell, 
that they may sell 


IMPERFECT TENSB. 


Sing. 1. Que je vendisse, 

2. que tu vendisses, 

3. qu’il vendit, 

Plur. 1. que nous vendissions, 

2. que vous vendissiez, 

3. qu’ils vendissent, 


that I might sell, 
that thou mighist sell, 
that he might sell, 
that we might sell, 
that you might sell, 
that they might sell. 


PERFECT TENSE. 


Sing. 1. Que j’aie vendu, 

2. que tu aies vendu, 

3. qu’il adt vendu, 

Plur. 1. que nous ayons vendu, 

2, que vous ayez vendu, 

3. qu’ils aient vendu, 


that / may have sold, 
that thou mayst have sold, 
that he may have sold, 
^at we may have sold, 
that you may have sold, 
that they may have sold. 


PLUPERFECT TENSE. 

Sing. 1. Que j’eusse vendu, that I might have sold. 

2. que tu eusses vendu, that thou mightst have sold. 

3. qu’il edt vendu, that he might have sold. 

Plur. 1. que nous eussions vendu, that we might have sold. 

2. que vous eussiez vendu, that you might have sold. 

3. qu’ils eussent vendu, that they might have sold. 

Many of the irregular verbs belonging to this conjugation 
may be arranged under the three following heads : — 


Exceptions. — ( 1) Verbs ending in -aUre and -oitre^ as 
connaitre, to be acquainted with, croUre, to grow. Note 
that the i of the termination always has a circumflex when 
it comes before a t. 

Oonnaitre, to know; connaissant, knowing; connu, known. 

Indicative. 

Present. — Je connais, tu connais, ii connait; nous con- 
naissons, vous connaissez, ils connaissent. 

Imperfect. — Je connaissais, tu connaissais, il coiinaissait ; 
nous connaissions, vous connaissiez, ils connaissaient. 

Perfect Definite. — Je connus, tu connus, ii connut ; nous 
connhmgi^ vous connhtes, ils connurent. 

Future.— connaitrai, tu connaitras, A connaitra ; nous 
connaitrons, vous connaitrez, ils connaitront. 

Conditional. 

Present. — Je connaitrais, tu connaitrais, il connaitrait; 
nous connaitrions, vous connaitriez, ils connaitraient. 

Subjunctive. 

Present. — Que je connaisse, que tu connaisses, qu’il con- 
naisse; que nous connaissions, que vous connaissiez, qu’ils 
connaissent. 

Imperfect. — Que je connusse, que tu connusses, qu’il con- 
nut ; que nous connussions, que vous connussiez, qu’ils con- 
nussent. 

Imperative. 

Connais, know (thoxt); connaissons, let ns know; connaissez, 
know (pe). 

(2) Verbs ending in -wire, as conduire, to lead, reluire^ to 
shine. 

Conduire, to lead; conduisant, leading; conduit, led. 

Indicative. 

Present. — ^Je conduis, tu conduis, il conduit; nous eou 
duisons, vous conduisez, ils condiiisent. 

Imperfect. — Je conduisais, tu conduisais, il conduisait ; 
nous conduisions, vous conduisiez, ils conduisaient. 

Perfect Definite. — Je conduisis, tu conduisis, ii conduisit; 
nous conduisimes, vous conduisites, ils conduisirent. 

Future. — Je conduirai, tu conduiras, il conduira ; nous 
eonduirons, vous conduirez, ils conduiront. 

Conditional. 

Present.— 3 Q conduirais, tu conduirais, il conduirait ; nous 
conduirions, vous conduiriez, ils conduiraient. 

Subjunctive. 

Present. — Que je conduise, que tu conduises, qu’il conduise; 
que nous conduisions, que vous conduisiez^ qu’ils conduisent. 

Imperfect. — Que je conduisisse, que tu conduisisses, qu’il 
conduisit; que nous conduisissions, que vous conduisissiez, 
qu’ils conduisissent. 

Imperative. 

Conduis, lead {thou); conduisons, let us conduisez, 
lead (pi). 

(3) Verbs ending in “aindrei, -eind/re., -oindrey Sk^ craindre^ 
to fear ; peindre, to paint ; joindre^ to join. 

Craindre, to fear; craignant, craint, /eared 

■ ■ Indioativb. , 

Je crains, tu crains, il craint; nous craignons, 
vous craignez, ils craignent. 

Imperfect.— 3 Q craignais, tu craignais, il craignait; nous 
craignions, vous craigniez, ils craignaient. 

Perfect Definite.— 3% tu craignis, il craignit ; 

nous craignimes, vous craignites, ils craignirent. 

Future. — Je craindrai, tu craindras, il craindra ; nous 
craindrons, vous craindrez, ils craindront. 

Conditional. 

Present. — ^Je craindrais, tu craindrais, ii craindrait; nous 
craindrions, vous craindriez, ils craindraient. 

Subjunctive. 

Present . — Que je craigne, que tu craignes, qu’il craigne; 
que nous craignions, que vous craigniez, qu’ils craignent 
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Imperfect, — Que je craignisse, que tu craignisses, qull 
Cl aignit ; que nous craignissions, que vous craignissiez, qu’ils 
■ aignissent. 

Imperative. 

Grains, {thou); craignons, let u^fear; craignez,/g«r( 3 /(s). 

EXERCISES. 

Write out in a column a translation into French of the 
following sentences, then compare each word with the part 
of the verb corresponding to it; mark off, and correct all 
errors ; — 

Selling. Having sold. We sell. He was selling. They sell. 
We have sold, I had sold (pluperfect). He had sold (pluperfect 
definite). You will sell. They will have sold. I should sell. He 
would sell We should have sold. Sell (you). That he may sell. 
That they may sell. That yon might sell. That I may have sold. 
That you might have sold. 

Write out from memory (1) all the third persons singular 
of all the verbs congugated in this and in the preceding 
chapter; (2) ail the third persons plural; (3) the infinitives, 
the imperatives, and the participles (masculine and feminine). 
After which diligently compare with the matter given in 
these chapters, and correct. 

Also conjugate aloud all the moods and tenses of the fol- 
lowing verbs: — Pr4tmd~fe^ to pretend to melt; and 
among the exceptions conjugate (1) par-aitre,, to appear; 
cr-oitre, to grow; (2) prod-uire^ to produce; detr-uire, to 
destroy; (3) pl-aindre, to pity; att-eindre.io j-oindre, 
to join. 

NATURAL PHILOSOPHY.— CHAPTER XII. 

PNEUMATICS. 

OASES — THE ATMOSPHERE — COMPOSITION OP AIR — WEIGHT 
AND PRESSURE OP AIR — PRESSURE OP GASES — ATMOSPHERIC 
PRESSURE — BAROMETERS — BAROMETRICAL VARIATIONS — 
WEATHER INDICATIONS — BAROMETRICAL CORRECTIONS — 
SIPHON — SIPHON-GAUGES — BURDON’s PRESSURE-GAUGE — 
Boyle’s law— volumeter —manometer — dalton’s law 

—MIXTURE OP GASES — ABSORPTION OP GASES — DIFFUSION 
OP GASES — ABSORPTION BY SOLIDS — KINETIO THEORY OP 
GASES — BALLOONS — PARACHUTE. 

That branch of hydrodynamics which applies the principles of 
dynamics to the investigation of the phenomena presented 
by gaseous bodies under all circumstances of pressure, den- 
sity, and elasticity, is termed pneumatics. 

The atmosphere or aerial ocean which envelops the earth is 
a material body which possesses weight, and exerts a pressure 
at the earth’s surface of 14*7 lbs. per square inch. As this 
pressure is exerted equally in every direction, and as the 
solid parts of our bodies contain within them incompressible 
fluids, while the spaces are filled with air exerting a pressure 
equal to that of the external air, the outward pressure is 
balanced and equilibrium maintained, so that the great 
weight of the air, nearly 16 tons upon the human body, 
causes no inconvenience. As all gases possess the property 
of elasticity, a tendency wliich the particles have to recede 
from one another when free to do so, they are capable of 
being condensed by pressure, and of again assuming their 
former volume when the pressure is removed. For this 
reason the air decreases in density the higher the altitude 
attained from the earth’s surface. At an elevation of about 
3j miles the density of the air is one half of its density at 
the earth’s surface, and at an altitude of 7 miles it will be 
about one-fourth of this density. It is generally supposed 
that the height of the atmosphere extends to some 46 miles 
above sea-level, at wliich altitude the force of expansion and 
that of gravity balance each other. 

Air is composed of a mixture of oxygen and nitrogen 
gases, with small and variable proportions of other gases. 
Its average composition by volume is — 

Nitrogen, 78*49 

Oxygen, 20*63 

Aqueous Vapour, . « ^ . * * , . . 0*84 

Carbonic Acid, 0*04 


The carbonic acid in the air is given off from the re- 
spiration of animals, from the decomposition of organic 
i substances, and from the processes of combustion. This 
enormous continual production of carbonic acid is, however 
compensated by plants in the process of vegetation, which 
decomposing the carbonic acid, absorb the carbon, and 
restore to the atmosphere the oxygen, so that the composi- 
tion of the atmosphere remains constant. The weight of 
the air, and its pressure on all bodies on the earth’s surface 
was unknown before the time of Galileo, and it was not 
satisfactorily demonstrated till Torricelli filled a glass tube 
(fig. 1), over 30 inches long, with mercury, and closing the 
end B with his finger, inserted it into a vessel containing 
mercury, when it fell in the tube until the top of the column 
stood about 30 inches from the surface of the mercury in the 
" ^ It was then at once seen that the maintenance of 


Fig. 1. 


Fig. 2. 




Torricelli’s Experiment. 


100*00 


Qnericlce’s Experiment. 

the mercury in the tube was the 
effect of a perfectly defined ex- 
ternal cause, while its fluctuations 
from day to day with the varying 
condition of the atmosphere 
strongly corroborated the opinion 
that it was due to the weight 
of the external air on the surface 
of the mercury in the vessel. 
Otto Guericke, by means of the 
air-pump, of which he was the 
inventor, exhausted a glass globe, a, in fig. 2, fitted 
with a stopcock, of the air it contained; then very carefully 
weighing the exhausted globe when attached to a delicate 
scale beam, and as soon as the arm was horizontal opening 
the stopcock, he found that immediately the air rushed 
in the globe descended. From this he inferred that the 
additional weight added to restore the equilibrium of the arm 
was equal to the weight of the air contained in the globe. 

The pressure which gases exert on their own molecules, 
and on the sides of the containing vessels, may be considered 
in two ways; when the pressure is withdrawn from a body of 
gas conceived to be independent of weight, the expansive 
force will be found to exert itself equally in all directions, 
both on the vessel containing it, and the mass itself, as the 
repulsive force between the molecules is the same on all 
points. When gases are considered as possessing weight, 
the pressures they produce are subject to the same laws as 
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those governing the weights of liquids, and the pressure of a 
gas increases from the top of a column to the base, and acts 
on the sides of the vessel and on any small portion of the 
surface with a pressure equal to the weight of a column of 
gas whose base is this surface, and whose height is its dis- 
tance from the base to the top of the column. This pressure 
is independent of the shape or capacity of the containing 
vessel so long as the height of the column remains the same. 
The air may therefore be regarded as a thiid having a certain 
depth, and exercising the same pressure as that of a liquid 
of very little density. 

Prom observations made upon the twilight, and the 
luminosity of meteorites, undoubtedly due to the action of 
air, seen at an elevation of some 200 miles, it would 
seem to indicate that in the form of a very attenuated ether 
the atmosphere must extend to considerable distances beyond 
what was at first supposed. At present the limit of this 
rare medium is undetermined. The weight of 100 cubic 
inches of air being equivalent to 31 grains, the whole press- 
ure exerted upon the earth’s surface is enormous. The 
crushing force of the downward pressure of the air is experi- 
mentally illustrated by covering one end of a cylindjical 
glass vessel with a piece of moistened bladder, and then, 
placing the other end of the glass upon the plate of an air- 
pump, exhausting the air from the inside of the tube; on 
the air being rarefied the bladder collapses and is rent 
asunder with a loud report, caused by the sudden entrance 
of the air into the tube. The Magdeburg hemispheres (fig. 1, 
Plate XI.), invented by Otto Guericke, demonstrate that this 
pressure acts in all directions; a and b are two hollow metal 
hemispheres about 4| inches diameter, the edges of which 
are made to fit well and closely together, and to form an air- 
tight joint when greased. A stopcock, e, is attached to the 
lower one, furnished with a screw, n, for attachment to the 
air-pump; upon the upper hemisphere, a, is attached a handle. 
So long as the hemispheres contain air they can be easily 
detached from one another, the internal air counteracting 
the external pressure of the atmosphere; but on exhausting 
the internal air, both hemispheres are drawn together, and 
cannot be separated without the expenditure of considerable 
force. And as this cohesion is the same in whatever position 
they are placed, the pressure of the atmosphere is trans- 
mitted in all directions. 

As the pressure of the atmosphere on the square inch is 
equal to 14*7 lbs., the pressure upon a square foot is equal 
to 2160 lbs., or nearly a ton, which, expressed in the metric 
system, represents a pressure at 0° C. at the sea-level of 760 
millimetres, equivalent to 29*9217 inches, and a pressure on 
a square centimetre is equal to 1*03296 kilogrammes. When 
a gas or liquid is exposed to a pressure of 15 lbs. to the 
square inch, it is represented as a pressure of one atmosphere; \ 
so that if under a pressure of 76 lbs. of steam, a boiler is 
said to be under a pressure of five atmospheres. 

■ Instruments employed for measuring the pressure of the 
atmosphere are called harometers. In its simplest form the 
barometer consists of a glass tube 33 inches in length, similar 
to that used in Torricelli’s experiment, and containing a 
column of mercury cleaned by the process of boiling, and 
supported in the tube by the atmospheric pressure which it 
serves to measure. The object of boiling is to exclude aU 
traces of air and moisture from the empty space at the top 
of the tube. The height of the column is the difference in 
level between the surface of the liquid in the tube and in the 
cup. The great specific gravity of mercury renders that 
liquid most suitable for the construction of a barometer, as 
the height of the column is correspondingly small. The 
ordinary cistern barometer is shown in fig. 3. The 
tube containing the column of mercury dips into the cis- 
tern below, and both are inclosed in a suitable case to 
prevent injury. The upper portion of the case carries a 
scale extending from 26 inches to 31 inches above the level 
of the mercury in the reservoir, subdivided into tenths of 
an inch, with a movable index or vernier, v, again sub- 
dividing the inch into hundredths, so that the height of 
the column of mercury can be read off in inches, tenths, and 
hundredths of an inch. The screw, is for the purpose of 
forcing the mercury up to the top of the tube, and securing 


the fluid in the cup from spilling when the instrument is 
carried from place to place. A thermometer is generally 
attached to the case of the barometer on one side of the 
Fig.S. 



Cistern Barometer. 


Pig. 



Travelling Cistern Barometer. 


Fig. 6 


tube, to indicate temperature. The barometer requires to 
be always placed in a perfectly vertical position, otherwise 
the tube will elongate the column of mercury, and the 
number read off by the scale will be no 
true indication of atmospheric pressure. The 
mean height of the mercury at the level of the 
sea is 29*92 inches. In a water barometer it 
would be about 34 feet. The pressure of the 
atmosphere on a square inch is calculated by 
comparing the weight of a column of mercury 
whose base is a square inch and whose height 
is equal to the height of a column of mercury in 
the barometer. 

Thus, taking the specific gravity of mercury 
as 13*6, and the weight of a cubic foot of dis- 
tilled water as 1000 oz., and the height of the 
mercury in the barometer tube as 30 inches at 
sea-level, the pressure of the atmosphere on a 

square inch = (30 x 1 x 1 x x 13'6) oz. = 


30x1000x136 


oz., which will be 236^ oz., or 


fii' i 


1728x10 

14151 lbs. Many modifications of the form of 
the barometer are in use. Some, intended for 
traveUing, are so arranged that the supports shut 
up like a staff, inclosing the tube, as in fig. 4. 

The siphon barometer (fig. 5), which is a more 
convenient form than that of the Torricelli tube, 
consists of a bent tube in which the two unequal 
arms are joined together by a capillary tube, so 
that when the instrument is inverted the longer 
tube always remains charged with mercury by 
reason of the capillarity of the small connecting 
tube, and air cannot enter the longer branch. 

As the shorter arm is closed there is a capillary aperture 
I in tlxe side through which the atmospheric pressure is 
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transmitted, but so minute as to prevent any escape of 
mercury. The difference between the levels of the mercury 
in the two arms is the height of the barometer. This is 
determined by means of two scales, one placed at the top 
of the longer tube and the other at the top of the shorter, and 
having a common zero about the middle of the longer arm. 
These scales are graduated in opposite directions, and being 
both furnished with sliding verniers, the total height of the 
barometer, which is the sum of the two distances from the 
zero indicated by the scales, is given in tenths and hundredths 
of the inch. 

The whml barometer is frequently used as a weather glass, 
but is not sufficiently accurate for scientific measurements, 
though it indicates with great clearness any change in press- 
ure which is taking place for the time being without showing 
the exact height of the column of mercury. The instru- 
ment consists of a siphon barometer, the short arm of 
which is open at the top, and in which a float is placed upon 
the surface of the mercury, and nearly balanced by another 
weight connected with it by a fine cord, which passes over a 
pulley carrying an index hand round a graduated dial, on 
which is marked stormy^ ram^fair^ set fair^ &c. The varia- 
tions in the height of the mercury cause this float to rise and 
fall, and this motion is transferred to the pulley and index as 
it turns on its axis. 

The aneroid barometer (so called from the Greek «, without; 
fluid), being constructed without the use of any liquid, 
is of various forms. One of the simplest consists of a shallow 
cylindrical metal box a (fig. 6), from, which the air lias been 

exhausted. The up- ! 

Fig. 6. per plate of this box j 

is of very thin elastic j 
metal, capable of | 
yielding freely to ! 
the slightest varia- | 
tions of pressure of I 
the atmosphere ; 
thus, as the press- 
ure increases, the 
upper plate is de- 
pressed inwards, 
and with any de- 
crease of pressure 
it springs back and 
rises in the opposite 
direction. This va- 
riation in the posi- 
tion of the surface 
Aneroid Barometer. of the upper plate is 

recorded by means 

of a combination of delicate multiplying levers, which, acting 
on an index, indicates the pressure upon a graduated cir- 
cular scale. The divisions of this scale are determined 
by reference to the height of the mercurial barometer at 
various pressures. The chief advantages of the aneroid 
barometer is portability and its extreme delicacy, which 
enables it to register the difference in pressure of the 
smallest elevations ; indeed it is so sensitive as to indicate the 
difference between the ceiling and the floor of a room. It is 
usually employed in measuring the altitudes of mountains, 
and the depths of the shafts of mines, wells, &c. The chief 
cause of error in the aneroid barometer arises from the 
mechanical transmission of the motion through the series of 
multiplying levers. 

As most of the barometers in use as weather glasses in 
Great Britain are constructed in London, their indications are 
imreliable, except for places of the same level and general 
climatic conditions as London. A barometer observed at the 
level of the Thames would register a certain height, but if 
carried to the top of Primrose Hill, some 400 feet higher, 
would stand nearly half an inch lower, and in consequence 
would register weather of a different character; therefore, as 
the pressure varies with the level and climatic influences, in 
ii'iing the barometer when exact observations are required 
various corrections have to be made. When the height of 
the bkometer in the same place is observed for sevet^ days, 
H will be found to continually, not only from day tp day, 


but also in the same day, and the extent of these variations 
are different in different places. They increase as the baro- 
meter is moved from the equator towards the poles; at the 
equator the variations are at a minimum, and do not exceed 
6 millimetres, in the tropics 30, in France 40, and at 25 
degrees from the pole they reach 60 millimetres. These 
variations are at their maximum in the winter. The mean 
daily height of the barometer is obtained by dividing the sum 
of the successive hourly observations by 24; mean 
monthly height is the sum of the mean daily heights divided 
by 30; and the mean yearly Imght the sum of the mean 
monthly heights divided by 12. At the equator the value of 
the mean annual height is 29*84 inches; between latitudes 
30 and 40 it increases to 30*04 inches. Owing to the lower 
temperature in winter, the mean monthly height is gi*eater than 
in the summer. The variations of the barometer are of two 
kinds — accidental variations, which have no defined regularity 
of movement, but depend upon the direction of the wind, the 
season of the year, and geographical position; and daily 
variations, which regularly occur at certain hours of the day. 
At the equator accidental variations are unobserved, but the 
daily variations occur with such regularity that the barometer 
may be regarded as a kind of clock. Between mid-day and 
tour o’clock the mercury is depressed; it then rises, and reaches 
its maximum about ten o’clock at night, when deprrs.rion 
again commences, and reaches its minimum about four o clock 
in the morning, and a second minimum again at ten o’clock. 
In the temperate zone, where the daily variations and the 
accidental variations take place together, the former are more 
difficult to observe. The hours of the maximum and mini- 
mum daily variations are found to be the same in all climates, 
and to vary very little with the seasons. The variations of 
the barometer are generally observed to be in the reverse 
direction of the rise and fall of the thermometer, so that as 
temperature rises the barometer falls, and as temperature 
falls the barometer rises. Therefore the barometrical varia- 
tions at any given place are produced by the expansion or 
contraction of the air, and therefore consequent upon its 
change of density. As all atmospheric currents are the re- 
sult of variations in the temperature of masses of air, if any 
portion becomes warmer than its surrounding portions, its 
density is reduced by expansion, and it rises upwards ; there- 
fore the pressure is diminished and the barometer fails. Also, 
if any portion of the atmosphere retains its temperature while 
the surrounding masses of air become cooler, the barometer 
falls, as the density of the surrounding air is greater; so that 
often while the barometer falls in one place it rises in anothei. 
The daily variations of the barometer are the result of the 
expansions and contractions of the atmosphere from solar 
heat during the diurnal rotation of the earth. In Great 
Britain the height of the barometer in fine weather averages 
above 30 inches, and it falls below this height whenever there 
is rain, wind, or storm, and as a rule, when the barometer 
stands at 30 inches, the number of fine and wet days are 
about equal. Ascertained facts such as these have arranged 
the indications of the state of the weather marked on baro- 


meters, counting by thirds of an 
inches. 

inch above and below 

Height. 

Weather. 

sr 

inches, ...... 

. . Very dry. 

30| 

a 

Settled weather. 

30| 

■. i.L ' 

. Fine weather. 

30 

• “ .... 

. . Changeable. 

29| 

“ ...... 

. . Bain or wind. 

29| 


, . Much Rain. 

29 


. . Stormy. 


The rise and fall of the barometer really only measures the 
pressure of the atmosphere, and although a change of weather 
may frequently coincide with a change of pressure, that rather 
arises from the meteorological peculiarities of this climate. 
A faU in the barometer usually foretells rain in these lati- 
tudes, as the prevailing winds are the vsouth-west and the 
north-east. The former, coming from the heated equatorial 
regions, are warmer and lighter, and therefore ascend to the 
higher re^ons of the atmosphere where they cool and become 
causer, and being charged with moisture as they swept over 
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the Atlantic Ocean precipitate it in rain. A fall in the 
barometer is therefore a fair indication of the approach of 
the south-westerly winds. The north-east winds, on the 
contrary, reach this country after having traversed large 
tracts of dry land in Central and Northern Europe; it is 
therefore dry and more dense, so that the barometer rises. 
A continuous rise or fall of the barometer for two or three 
days, either towards fine weather or towards rain, generally 
indicates the condition of the weather approximately. Any 
sudden rise or fall of the barometer prognosticates the im- 
mediate approach of bad weather and gales of wind. 

Mercurial cistern barometers have always a depression on 
the top of the column of mercury due to cajMlarity^ unless 
the internal diameter of the tube exceeds three quarters of 
an inch. In consequence of this the barometric reading, as 
reckoned from the top of the convex meniscus, would indi- 
cate a pressure a little less than tiiat of the atmosphere. 
To make the necessary correction due to this depression, the 
diameter of the tube and height of the meniscus require to 
be known. The elevation of the meniscus will vary accord- 
ing as it has been formed during a rising or falling of the 
mercury. To determine this height the vernier should be 
brought first to the level with the top of the column of 
mercury at the base of the depression, and afterwards to the 
crown of the meniscus. The difference in the two readings 
gives the height of the meniscus. The internal diameter of 
the tube and the height of the meniscus being ascertained, 
the necessary corrections for capillarity will be ascertained 
from the table: — 


Int-enmi I Heiglit of Sagitta of Meniscus in Inches. 

Diameter | 


of Tube 
liiiuches. 

0-010 

O'OIS 

0-020 

0-025 

0-030 

0035 

0040 

0'167 

0-0293 

0-0431 

0-0555 

0-0677 

0-0780 

0-0870 

0-0948 

0-236 

0-0119 

0-0176 

0*0281 

0-0294 

0-0342 

0-0398 

0-0432 

0-826 

0-0060 

0-0088 

0*0118 

0-0144 

0-0175 

0-0196 

0-0221 

0-894 

0-0039 

0-0048 

0-0068 

0-0078 

0*0095 

0-0110 

0*0126 

0-472 

0-0020 

0-0029 

0-0036 ! 

0-0046 

0-0053 

0-0068 

0-0073 

0-550 

0-0010 

0-0017 

0-0024 

0-0029 

0-0034 

0-0039 

0-0044 


In the siphon barometer the cor.''’ection for capillarity is 
unnecessary, because the depressive force is equal on both 
sides. As mercury expands under the influence of heat, a 
correction must be made for temperaime. A thermometer 
is attached to the best instruments, tne bulb of which is 
placed in the cistern. It is necessary therefore, in comparing 
barometric heights at different places and at different tem- 
peratures, to calculate what the height of the mercury 
column at each place would have been if the temperature 
had been uniform; and it is usual to reduce the observed 
height of the column in each case to the height of a column 
of mercury that would produce the same pressure at 0° C. 
A further correction must also be made for the expansion of 
the scale on which the measurements are marked. 

As the atmosphere is compressible, its density near the 
sea-level is greater than at places higher up, so that a 
barometer carried up a mountain indicates a continuously 
decreasing atmospheric pressure. From the difference in 
height of the mercury at two places, the difference of the 
elevation of the two stations is determined; but in order to 
reduce it to what it would be at tbe sea-level, an addition 
must be made to the observed reading at each place. 

Tbe dphon is an instrument the action of which depends 
on the atmospheric pressure; it is used for drawing off liquid 
from one vessel to another at a lower level than the former. 
It consists of a bent tube open at both ends, but having one leg, 
B I), longer than the other, b a (fig. 2, Plate XI.) The siphon, 
ABB, must first be filled with the liquid to be drawn off*, 
and tlie short leg, b a, is temporarily closed, and then im- 
mersed in the reservoir, m N o p, from whiclr the liquid is to 
' be taken. It will be found that on opening it again a con- 
tinuous stream of liquid will flow from the longer arm so 
long as tbe vshoiter arm, ba, dips into the fluid. Fig. 3 
shows a form of siphon in which the shorter leg, a o, having 
been immersed into the liquid, the air is exhausted in the 
longer arm, a n, by means of the small suction tube e, So 
soon as the air is shown to be exhausted, by the rise of the 


liquid in e, on opening the stopcock, n, the liquid will flow, 
and the siphon may be shut off* by closing the cock, n, as 
required. Various forms of siphons are shown in figs. 4, 
5, 6, 7. Tantalus’ cup (fig. 4) consists of a glass vessel, 
ABEP, containing the figure of Tantalus. A siphon tube 
passes from the bottom of the cup, h, and is concealed 
in the figure, the bend of the siphon, A, being level with the 
month of the figure. On water being poured into the cup, 
so soon as it is on a level with the mouth of the figure, 
the siphon has become charged, and the water pavsses 
through the tube into the lower chamber, on, and thus 
disappears. The flow of intermittent springs may be ex- 
plained by the action of this siphon. Many such springs 
furnish water for several days or even longer, and then, after 
the flow stops for a certain time, the spring will burst forth 
again. The subterranean cavities are more or less slowly 
filled by springs, and are then emptied by fissures so formed 
in the ground as to constitute a natural syphon. The inter- 
mittent flow of water from the siphon is explained as 
follows: — Taking the long arm, bo (fig. 8), the pressure 
within the tube at the point, n, in the plane of the surface 
of the liquid, is the same as at and is equal to the pressure 
of the atmosphere; while the pressure within the tube at c is 
greater than it is at n, or greater than the atmospheric 
pressure. Hence the liquid pressure at o overcomes that of 
the air from without, so that the column, b o, tends to 
separate at b, and to run out at o. If the height of b above 
B be less than the height of a column of water in a 
barometer tube (34 feet), the pressure of the air will prevent 
any serration at b, and will keep up a continuous stream 
by forcing the water to ascend the shorter arm, a b. This 
will continue so long as the extremity of this arm is below 
the level of the water in the reservoir a. Fig. 5 is another 
form of siphon. The fountain, o, is kept playing by the 
pressure of the air upon the simface of the water in the 
chamber apoh, and falling into the basin, ns, is emptied 
by the siphon, q p, concealed in the body of the swan, into 
the chamber g e b, whence descending by the tube, l m, into 
the lower reservoir, o b b e, the pressure of the air is main- 
tained by which the fountain, o, is kept in action. The 
stopcock in the tube b m is for the purpose of shutting off 
the flow of water and stopping the fountain. The action of 
the siphons ah c, in figs. 6 and 7, is obvious. 

sipihon gauge is in general use for measuring small 
pressures, such as the pressure of gas supplied to houses, the 
pressure of the wind in organs, the amount of vacuum in sugar 
pans, &c. The liquid employed is usually water; when the 
pressure is extreme, as in the case of a vacuum or a steam 
gauge, mercury is employed. It consists of a bent glass tube 
with parallel legs, open at both ends, and partly filled with 
water. One leg of the tube is in connection with the gas the 
pressure of which is to be determined. If the pressure of the 
gas be greater than that of the atmosphere, the water will be 
forced up to a higher level in the other leg; if it be less, it 
\^ill sink. Any excess of pressure beyond that of the atmo- 
sphere will be equal to the weight of the column of water 
raised, the height of which is the difference between the level 
of the liquid in the two tubes. Another form of pressure 
gauge, in which no fluid is employed, is that of Bourdon, It 
is one of great value, and has been in use over thirty-five 
years. Its invention was accidental The -worm pipe of a 
still had become flattened, and Mr. Bourdon, with a view to 
restore its cylindrical shape, forced 'water into it under press- 
ure; as the flattened tul)e became more round, it uncoiled 
itself to a certain extent. Reasoning upon this tendency of 
the tube to uncoil, he was led to infer that this action of the 
tube might be applied in the construction of pressure gauges. 
The Bourdon gauge consists of a flattened tube open at one 
end and closed at the other, bent into a circular form. The 
open end is fixed to a rigid support, the closed end is left 
free and has attached to it a movable arm, which works a 
finely toothed quadrant, movable on a fixed centre. A small 
pinion carrying an index over a circular graduated scale, 
works into the quadrant. Any tendency of the tube to 
straighten by pressure passed into it through the fixed open 
end will therefore be communicated to the quadrant by the 
arm attached to the free end, and the pinion will revolve, 
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carrying the index over a portion of the graduated scale. 
This pressure gauge is largely employed for indicating the 
pressure of steam on locomotive and steam engine boilers, &c. 
When used as a vacuum gauge for the condenser of a steam ; 
engine, the tube becomes more flattened, and curves inwards 
as the air from the interior is exhausted, so that the action is 
the reverse of that when internal pressure is applied to the 
tube. The principle of the Bourdon gauge is frequently ap- 
plied to the construction of very sensitive aneroid barometers. 
For this purpose the flattened tube is exhausted of air and 
closed at both ends. The action of the tube being more 
direct in the mechanical arrangements for multiplying the 
motion on the index, Bourdon barometers are in some respects 
more reliable than the other form of aneroid. 

The two fundamental laws which govern the pressure of 
gases, are those of Boyle or Mariotte, and Charles or Gay- 
Lussac. Robert Boyle, born at Lismore, in Ireland, 1626, 
discovered the law of the compressibility of gases in 1662, 
and Mariotte rediscovered it in 1679. In England it is called 
Boyle’s law, on the Continent Mariotte’s law. 

The characteristic qualities of all gases are their expansi- 
bility and compressibility, and it is necessary to consider the 
quantitative relation that exists between change of volume 
and change of pressure, the temperature remaining constant. 
The effect of atmospheric pressure is unperceived, because it is 
exerted equally in all dii*ections. If a glass flask v, is full of air 
(fig. 9, Plate XI.), and provided with a stopcock o, although this 
may he closed, the glass of the flask will not be subject to any 
pressure by the weight of the external air, because the in- 
ternal air exerts just as much pressure from within upon the 
flask in an opposite direction. But if by means of the air 
syringe a b (fig. 9), a portion of the air is withdrawn from the 
flask, the pressure of the particles within will no longer be able 
to counterbalance that of the external 
atmosphere, and the tendency will be 
to force the sides of the flask inwards. 
If half the mass of the air be with- 
drawn from within the flask, the inter- 
nal pressure upon one square unit of 
surface will only be one half of what 
it was when the flask was full of air. 
If three-fourths of the air be removed, 
the pressure of the internal air will only 
be one-quarter, and so on. Thus the 
pressure of a mass of air confined in 
a vessel will he proportional to its 
mass. This may he stated thus: — 
The pressure of a portion of gas at a 
given temperature varies inversely as 
the space it occupies, A simple form 
of apparatus (fig. 7) for this experiment 
consists of a uniform bent tube, having 
one branch open at the top and con- 
siderably longer than the other, which 
is closed, or may be hermetically sealed 
by a screw cap, so that the pressure of 
the inclosed gas may be more easily 
regulated. A graduated scale is fixed 
to each branch of the tube. If the cap 
be unscrewed, and some mercury 
poured into the tube, it will rise to the 
same level, a h, in both branches, and 
when the cap is screwed on again 
^ some air will be inclosed under a press- 
' ure equal to tiiat of the external atmo- 
sphere. Assume that this pressure is 76 centimetres, and that 
the level of the mercury in each branch he 0. When more 
mercury is poui*ed into the longer arm of the tube, the level 
of the mercury in the shorter arm will be lower than that in 
the longer branch. The volume of air in the shorter arm is 
now reduced, and its pressure is increased by the weight of 
the column of mercury in the longer arm. If the air in the 
short am originally occupied 20 Svisions of the scale, or say 
20 centimetres, and the height of the column of mercury in 
the longer arm is 23 centimetres above its fomer level 0, 
then the mercury in the short arm will stand at 4 centi- 
metres above 0, and consequently the inclosed air will stand 



at 16 centimetres. The increased pressure due to the differ- 
ence of level is therefore 23-4—19 centimetres. If these 
numbers are examined it will be found that 

20:16::19-j-76:76, or as 95:76, or 20x76-16x95, 

which shows tliat the variation in the volume of air is in- 
versely as the variation in the pressure, or that the product of 
the volume into the pressure is constant, which may be stated 
as follows: — The pressure of a gas is proportional to its 
density^ the temperature remaining constant. Boyle’s law 
does not, however, appear to be absolutely general for all 
gases at all pressures, as Bespretz lias found that carbonic 
acid, sulphuretted hydrogen, ammonia, and cyanogen are 
more compressible than air; and that hydrogen, which has 
the same compressibility as air up to fifteen atmospheres, 
beyond that limit becomes less compressible. Regnaiilt, by 
experiment, has found tliat air does not exactly follow Boyle’s 
law, but experiences a greater compressibility which increases 
with the pressure, so that the difference between the calcu- 
lated and the absolute diminution of volume is somewimt 
greater in proportion as the pressure increases. Carbonic 
acid exhibits considerable deviation from Boyle’s law. Cail- 
ietel found that nitrogen at eighty atmospheres had a maxi- 
mum relative compressibility ; beyond this point it is less 
compressible, its compressibility diminishing more rapidly 
than that of hydrogen; and it has been found that the devia- 
tion from Boyle’s law is greater in proportion as the gas is 
nearer its liquefying point, and the further a gas is from the 
liquefying point the more closely it follows the law. 

Instruments for measuring the tension of gases or vapours 
are called manometers, and the unit chosen is the pressure of 
one atmosphere or 30 inches of mercury at the standard 
temperature. The volumeter or sterometer is another ap- 
plication of Boyle’s law, and is of great value in determining 
the gravimetrical density of gunpowder, which averages from 
1*67 to 1*84, and is very different from its apparent density 
which ranges from 0*89 to 0*94. It consists of a glass tubts 
blown into a cylinder at the top, the edges of which are 
accurately ground, and which can be closed hermetically by a 
ground glass plate. The top of the cylinder being open, the 
tube is immersed in a vessel of mercury until the level inside 
the tube and outside is the same, which is then marked x on 
the tube. The cylinder is then closed hermetically by the 
glass plate, and the tube withdrawn from the mercury bath, 
until the mercury in the tube stand at a height, say h, above 
the level q in the bath. The original volume of the inclosed 
air V in the cylinder is now increased to v-p^?, since the 
pressure has diminished by the height h of the column of 
mercury. If the pressure of the atmosphere at the time of 
observation is h, then v : v -f -y : : b - A : Z». The substance whose 
volume X is required to be ascertained, is now placed in the 
cylinder, and the same process repeated, the tube being raised 
until the mercury stands at the same mark as before, but its 
level above the mercury bath will now be changed; a second 
reading A, is obtained, and {'v — -x)+v::h~h:b, from 

jp 

which the value of j?— ( vH-'y) (1 - — ). The volume v-h^ is 

h 

constant, and may be determined numerically by experiment 
with a substance of known volume. 

Dalton’s law is an extension of Boyle’s law for a mixture 
of different gases. If several different gases which do not 

Fig, & 





Gases in Comiminicating Vessels. 


chemically act on one another, are placed in a vessel, or in two 
communicating vessels, as a e (fig. 8), connected by the stopcocks 
be, they at once begin to mix whatever be their density, and the 
pressure on the sides of the vessel is the sum of the pressures 
due to the different gases. Let each of the gases, if in the vessel 
by itself, exert pressures, the intensities of wliich are repre 


NATUEAL PHILOSOPHY. 


611 


sented by Pi, &c., respectively, the intensity of the 

whole pressure exerted by the mixture is ^^j-i-pa+Ps, 

TMs law may he thus stated: — Whe% a mixture of several 
gases at the same temperature, is contained in a uessel, each 
produces the same pressure as if the others were not present, 
^ Water and many liquids possess the property of absorbing 
prases. Water does not, however, absorb equal quantities of 
different gases, under similar conditions of pressure and tem- 
perature. It absorbs carbonic acid gas, and when strongly 
impregnated with this ps forms what is known as soda water. 
It also absorbs ammoniacal gas, forming liquid ammonia, and 
when saturated with hydrochloric acid gas, liquid hydro- 
chloric acid, at a temperature of 0® 0. and pressure 760 mil- 
limetres, one volume of water dissolves the following volumes 
of gas: — 


Kitrogen, .... 0‘020 

Oxygen, . . . • 0’041 
Carbonic acid, . . . 1 ‘79 


Sulphuretted hydrogen, 4*37 
Sulphurous acid, , , 79*79 

Ammonia, . . . 1046*63 


Oases are more soluble in alcohol; at the same temperature 
alcohol will absorb 4*33 volumes of carbonic acid gas. 

The general laws of gas-absorption, as investigated by 
Bunsen, are: — 

I. For the same gas, the same liquid, and the same tem- 
perature, the weight of gas absorbed is proportional to the 
pressure, 

II. The volume of gas absorbed decreases with the tem- 
perature, 

III. The volume of gas which a liquid can dissolve is 
independent of the nature and of the volume of other gases 
which it mag already hold in solution. 

The phenomenon of endosmose is observable with gases in 
a higher degree than with liquids, but the laws of gaseous 
diffusion are simpler than those of liquid diffusion. These 
laws have been investigated by Graham, and may be stated 
as follows : — The rates of diffusion of two gases into each 
other are in the inverse ratio of the square roots of their 
densities. For, taldng the density of air as unity, that of 
hydrogen is 0*0692; and the square roots of these numbers 
being 1 and 0*2632 respectively, by the law above stated, the 
rate oi diffusion of hydrogen is to the rate of diffusion of air 
as 1 : l-r 0*2632, that is, : : 1 : 3*7994; and by experiment it 
is found to be 3*83. The following table gives the results of 
some of Graham’s experiments: — 


Gas. 

1 : 

Density. 

Square 
Boot of 
Deiisitj. 

1 

Rate of 
Diffusion. 

V Density. 

Hydrogen, . . . 

0*06926 

0*2632 

3*7994 

I 3*83 

Marsh gas,' . . . 

0-559 

0*7476 

1*3375 

‘ 1*34 

Carbonic oxide, . ' 

0*9678 

0*9837 

1-0165 1 

1*0149 

Nitrogen, . . . 

0*9713 

0*9856 

1*0147 

1*0143 

Oxygen,. . . . 

1*1056 

1*0615 

0*9510 

0*9487 

Nitrous oxide, . . 

1-527 ‘ 

1*0914 

0*8092 

0*82 


If d and d' he the density of two gases, and n and d' the 
volume of each which diffuses into the other in the same time, 

then, according to the law, J> : D' : : — ^ . or M=j>'^d'. 

Va Va' 

The passage of gases into vacuum through minute aper- 
tures of about 0*013 millimetre in diameter is termed effu- 
sion, and the velocity of the efflux is measured by the formula 
v^^/^gh, in which A represents the pressure under which 
the gas flows, expressed in terms of the height of a column of 
the gas which would exert the same pressure as that under 
which the gas flows. The ordinary pressure for air flowing 
into a vacuum is equivalent to a column of mercury 76 cen- 
timetres high; and mercury being about 10,500 times denser 
than air, the equivalent column of air will he 76 centimetres 
X 10,500, or 7980 metres. Therefore the velocity of air 
flowing into vacuum is equal to V¥x“9*8 x 7980, or 395*6 
metres,^ As the vacuum is always impaired by a continually 
mcreasing quantity of air, this velocity only holds for the 
first moment, the velocity becoming continually smaller, 


until it ceases altogether, when the pressure on each side is 
the same. When the height of the column of air, k h', corre- 
sponding to the external pressure, is known, the velocity may 
he ascertained by the formula v^.^/^g (A — A'). From this 
it appears that the velocities of efflux of different gases is 
inversely as the square roots of their densities. 

The surfaces of all solid bodies attract the particles of 
gases in contact with them, and become coated with a layer 
of condensed gas A porous substance, such as charcoal, 
wliich offers a very large surface in proportion to its bulk, will 
absorb considerable quantities of gas. Although there is no 
chemical combination between the solid and the gas, the ab- 
sorption is in some measure influenced by the chemical nature 
both of the substance and the gas. The following table gives 
the volumes of gas, under standard conditions of pressure and 
temperature, absorbed by one volume of boxwood charcoal 
and of meerschaum respectively. 


Ammonia, 

Charcoal 

. 90 

Meerschaum 

15 

Hydrochloric acid, , . 

86 

— 

Sulphurous acid, . . . 

65 

— 

Sulphuretted hydrogen, . 

. 55 

11 

Carbonic acid, .... 

. 35 

6*3 

Carbonic oxide, . . . 

. 9*4 

1*2 

Oxygen, 

Nitrogen, 

. 9*2 

1*6 

. 7*5 

1*6 

Hydrogen, 

. 1*75 

0*5 


The absorption of gases is generally greatest with those 
bodies which most readily liquefy. Cocoa-nut charcoal is highly 
absorbent; it absorbs 171 of ammonia and 73 of carbonic 
acid. The absorptive power of pine charcoal is about one- 
haK that of boxwood charcoal, while corkwood charcoal, which 
is very porous, is not absorbent, neither is graphite. Platinum 
sponge absorbs 250 times its volume of oxygen gas. The 
phenomena known as “Moser’s images” are due to the absorp- 
tion of gases by solids. Thus, when a die or a coin is laid 
on a newly polished metal plate, the layer of vapour from the 
coin will diffuse on to the metal plate, the surface of which 
therefore becomes altered, so that when the coin is removed 
and the plate breathed upon an impression is visible. 

The diffusion of gases may be explained by supposing the 
molecules of a gas as independent of one another, and that 
they arp continuously moving in all directions, and with 
enormous velocity. As these molecules during their motion 
must constantly come into collision with one another, the 
direction of their motion becomes changed. When they come 
into contact with the sides of the vessel containing the gas 
their momentum is resisted; and it is to this shower of mole- 
cules moving with this great velocity that the pressure of a 
gas is supposed to be due. Dr. Joule, in 1848, demonstrated 
how the pressure of gases might be explained by the impact 
of their molecules, and he calculated the exact relation that 
exists between the observed pressure of a gas and the velocity 
I of its molecules, so that if a vessel contained hydrogen gas at 
I the ordinary pressure, and at 0® G., their velocity must be 
about 6055 feet per second. Although the velocity of these 
molecules is so great, the number of molecules occupying a 
given volume, say a cubic inch, is so enormous, that they can 
only move through very small spaces, and are unable to travel 
from side to side of the vessel containing them, without a 
series of successive impacts with other molecules moving with 
the same velocity. If therefore their average velocity remains 
the same, the pressure exerted at any point of the vessel 
containing the gas will depend on the number of molecules 
that impinge in a given time on the element of area contain- 
ing that point. This pressure therefore will depend on the 
number of molecules contained in the vessel, or on the den- 
‘sity of the gas; for if the volume of the gas be doubled, the 
average velocity of the molecules remaining the same, the 
number traversing a given area will be halved. As the den- 
sity of a gas is the ratio of its mass to its volume, it follows 
that the pressure a gas exerts varies inversely with its volume, 
if its mass or the number of molecules m a given volume re- 
main the same; and this result is the same as that obtained 
by experiment and known as “ Boyle’s law.” The supposition 
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that all gases consist of a multitude of molecules moving 
about in all directions with a very high velocity is the basis 
of the kinetic theory of gases. This theory not only explains 
the phenomena of diffusion and Boyle’s law, but likewise 
many other phenomena connected with the action of gases at 
various temperatures. 

The pressure exerted by gases upon bodies immersed in 
them is transmitted equally in all directions, and the same 
laws wliich refer to the equilibrium of bodies in liquids apply 
to bodies in air, which lose a part of their weight equal to 
that of the volume of air they displace. Therefore gases as 
well as liquids possess buoyancy, and a body immersed in air 
becomes lighter by the weight of its bulk of air. This may 
be illustrated by attaching to one arm of a balance a large 
hollow sphere, and counterpoised by a small and heavy 
weight attached to the other arm, so that when in atmo- 
spheric air the weight of the two are exactly the same. If 
the balance be now placed under the receiver of an air-pump, 
and the air exhausted, the two arms of the scale will no 
longer be in equilibrium, but the weight of the globe will 
cause it to descend. The cause of this is that in vacuo the 
true weight is obtained, so that the sphere is in reality 
heavier tha.n the weight employed to counterbalance it on 
the scale; but as the sphere is of much larger volume than 
the weight, it will apparently lose more weight through the 
displacement of the air than the latter, and though in air 
they appear to be of equal weight, the sphere is in reality 
the heavier, and the weight that will be required to be added 
to the balance to restore the equilibrium wiU be exactly that 
of the volume of air displaced by the sphere; for if the 
volume of the sphere be 10 cubic inches, the weight of this 
volume of air is 3*1 grains, and if this weight is added to 
the beam in vacuo it will exactly maintain the equilibrium, 
but in atmospheric air will overbalance the sphere. The 
principle of Archimedes applies equally to bodies immersed 
in air as to bodies in a liquid. When a body is heavier than 
air it sinks, but if lighter, volume for volume, it rises until it 
reaches a stratum of the same density as itself, and if of the 
same density it will remain suspended. It is from this cause 
that smoke, vapour, and air balloons rise in the air, and that 
clouds are held in suspension in the atmosphere. 

The air balloon is simply a hollow sphere constructed of 
some light impervious material, such as varnished silk, which 
incloses a gas of a lighter specific gra\dty than the surround- 
ing air. A valve is placed at the top of the sphere, and 
kept closed by a spring, but which can he opened when 
required by a cord attached to the car. The car is usually a 
light wickerwork basket suspended to the balloon by a net- 
work of cords which entirely cover the balloon. An ordinary 
sized balloon of 36 feet diameter and 48 feet in height, has 
buoyancy sufficient to carry three persons. The weight of 
the body of . such a balloon is about 200 lbs., and that of the 
car and its accessories of ropes, &c., 100 lbs. more. The gas 
employed to inflate a gas balloon is either hydrogen gas or coal 
gas. Although the latter is more dense, it is generally em- 
ployed, being cheaper and more readily obtained in quan- 
tities; it is passed into the interior of the balloon by means 
of a flexible tube attached to a gas main. The balloon 
should not be Med quite Ml of gas, otherwise when it 
ascends and the pressure of the atmosphere becomes lighter, 
the expansion of the gas would burst the coveringof the balloon. 
Generally the inflation is so arranged that the weight of the 
displaced air exceeds that of the balloon by 8 or 10 lbs. 
This ascending force will remain constant so long as the 
balloon is not fully distended by the expansion of the con- 
tained gas. According to Boyle’s law, if the atmospheric 
pressure has diminished one half, the gas in the balloon will 
have doubled its volume, and the volume of air displaced is 
therefore twice as great; but as the density is then only one 
half, the weight, and consequently the upward buoyancy, 
remain the same. When the balloon is fully distended, if 
it continues to rise, the velocity of the ascent diminishes as 
tiie volume of the displaced air remains constant; and when 
the buoyancy of the balloon is equal to that of the dis- 
placed air, it then simply floats and takes a horizontal direc-, 
tion according to the direction of the air currents in the 
upper regions of the atmosphere. By means of the barometer 


the aeronaut ascertains whether the balloon is ascending or 
descending, and can likewise determine the elevation ob- 
tained. If it is desired to descend, the valve is opened at 
the top of the balloon by pulling the cord, permitting a 
certain amount of gas to escape and the balloon to occupy 
a less volume of displacement. If, on the contrary, it is 
desired again to ascend, the weight of the balloon is reduced 
by the discharge of sand from the car. Various attempts 
have been made to effect some method of controlling the 
motion and direction of a balloon in the air, but so far 
without any practical result of value. Recent experiments 
in France have been successful to a certain limited extent, 
under very favourable atmospheric conditions, but at present 
the navigation of a balloon has not been accomplished. 
Balloons are now employed in military tactics to ascertain 
the position of an enemy from an elevation. At the battle 
of Solferino the movements of the Austrian troops were 
ascertained by the employment of a captive balloon. They 
were likewise employed during the American Civil War, 
1862-64; during the Franco-Prussian War, 1870-71; and 
at the siege of Paris they rendered most valuable service, 
affording a means of escape from the beleaguered city, and 
as messengers carrying despatches, &c. The subject of mili- 
tary ballooning is now studied by the Royal Engineers, with 
a view of developing the most practical means of inflating 
balloons, and the best form of equipment for service in the 
field. The is an appendage sometimes attached 

to the car of the balloon, for the purpose of effecting a 
separate descent. It consists of a large circular piece of 
silk, confined at the edges by cords, to which a small car is 
attached. The surface of the silk spreading out into the 
form of an umbrella, by the resistance of the air in falling, 
retards the velocity of the descent. A circular hole in the 
centre of the silk permits the escape of the compressed air, 
and somewhat steadies the oscillating motion produced, which 
wlien communicated to the car might prove dangerous to the 
occupant. When the cord attaching the parachute to the car 
of the balloon is cut it falls very rapidly at first, but the 
motion becomes arrested as the silk is distended and the re- 
sistance of the air increases. 


ARITHMETIC.—CHAPTER VI. 

THE AillTHMETIO OF COMMON FliACTIONS. 

When we require to speak of quantity, time, space, <&c,, we 
choose some precise portion — any we please — and calling that, 
by convention, unity, we can then readily determine tlie re- 
lation which this portion bears to the quantity, time, space, 
&c., whose measure we desire to express. It may frequently 
happen, however, that the unit agreed upon, and which we 
call one, and represent by the symbol 1, is not an exact 
measure of the quantity — e.g. length proposed— there being a 
quantity even less than 1. Suppose for instance tiiat 

1 stands for the unit length 

and tliat the length to be measured is 1 | 2 ] 3 | sc 

then, this last can neither be expressed by 3 nor 4; it con- 
tains the unit agreed upon more than three times, and less 
than four times. To find a numerical expression for tins 
length, therefore, we must either assign a new value to 1, or 
discover some way of expressing it in terms of the value al- 
ready assigned. This last plan is manifestly the preferable one, 
as it avoids the interminable confusion which would result 
from our giving to the unit a value .suited to every particular 
length, let us say, to be measured; and it is, moreover, very 
simply done. The method is this: we suppose the primitive 
unit — that is, the quantity which we have agreed to call unity, 
1 — to be broken down into any determinate number of equal 
parts, such that one of these parts shall be contained an 
exact number of times in the portion that is over. Thus in 
the foregoing instance, if the length denoted by 1 be divided 
into three equal parts, tlie portion of the second length which 
we have denoted by x will be equal to two of them; for 

1 divided into S\. — ~ 

equal parte ps 1 1 2 i 3, two parts of whieb j 
X divided intol 


are 1 1 2 


parts exactly his 1 
equivalent J 


2, all the parts of which I 


ARITHMETIC. 


513 


That is 2 of the 3 parts into which 1 is divided are equivalent 
to the whole portion x. The parts into which the length 1 
is here divided we call thirds^ and as 2 of these thirds exactly 
coincide with the portion x, we say that that portion contains 
2 thirds, which we agree to write f : the under fyure show- 
ing the number of equal parts into which the primiti/oe 1 or 
UNIT of meamre is divided, and the upper the number of 
these parts contained in the quantity which it was required 
to meamre. A number expressed in tliis way we call a 
fraction (that is, a broken number, or a number formed by 
taking parts of the unit; from Lat. fractus, broken), when we 
wish to distinguish it from such numbers as 3, 7, 9, which we 
call integers or whole numbers, as being formed by the repeti> 
tion of the [unbroken] unit. 

Much depends upon our having a clear conception of the 
nature of a fraction, and it may be advisable to carry the 
explanation a step further. Suppose this practical case: 
Divide 17 yards into five equal portions, and tell the magni- 
tude of each portion. To proceed by our rule for division, we 
get a quotient 3, and remainder 2; but the question requires 
further that these remaining 2 yards be likewise divided into 
five equal portions, and that one of these portions be annexed 
to the quotient quantity, 3 yards. This involves the ques- 
tion— if 2 yards be divided into 5 equal parts, what is the 
magnitude of each parti According to the principle just ex- 
plained, the answer is i That this is right is made obvious 
tls^us__suppose that the line a b represents 2 yards, and that 
each yard 


A 1 ! I 1 1 I 1 i i B 


As long as the numerator is less than the denominator, the 
fraction is less than unity [1] ; thus, ~ is less than 1: for the 

denominator is the unit divided into 20 parts, and we must 

19 

therefore have 20 such parts to make 1; but the fraction — 

20 

shows that the quantity considered contains only 19 such 
7 11 33 

parts Similarly, — — are ail less than 1, and are 

11 12’ 35’ ’ 

sometimes, for that reason, termed proper fractions. On 
the other hand, when the numerator is equal to, or exceeds 
the denominator, the fraction is equal to, or greater than 
[1]; f is equal to 1, for it is the fifth part of 1 re- 
peated 5 times, or it is the magnitude of each of the parts 
which result from dividing 5 into 5 equal parts. Similarly, 
4 9 12 29 

are all equal to unity [1], and consequently 

4: y LJi Ztu 


12 

equal to each other. But y is greater than 1 : for the unit 

is here divided into 7 parts only, and the numerator consists 
of 12 or 7 + 5 such parts; that is, of a whole unit and jme- 


sevenths of a unit over, or using signs : 


Expres- 


sions such as 


5 

T 


12 

Y’ 


in which the numerator is equal to 


or exceeds the denominator, are usually called improper 
fractions ; and when an expression consists of a whole num- 
ber and a fraction, as If, it is commonly called a fractional 


is divided into five equal parts; the whole is thereby divided 
mio ten new units, each of which is the fifth part of the 
original unit or yard. How in order to find a fifth part of the 
whole length A B, it is manifestly enough to take one-fifth of 
one-fifth of ob; but these parts are together as mani- 
festly equal to jfwo of the fifths of the unit ao. This we 
express by f , and is the quantity which we must add to 3 
yards, to make up the fifth part of 17 yards. The five por- 
tions into which the 17 yards are divided may therefore be 
representatively put down thus: — 

T that is, 3 yds. + 2-fifths. 

3 yds. + 2-fifths. 
~ “ 3 yds. + 2-fifths. 

“3 yds. + 2-fifths. 
“3 yds. + 2-fifths. 


1 i II I Mil 


1 I 


the sum of which is 15 yds. + 10-fifths = 17 yds. 

The same kind of reasoning is applicable to the division of 
17 gallons of water, 17 acres of land, 17 bushels of corn, or 17 
units of anything we please, into five equal parts; and there- 
fore we conclude generally that the fifth part of 17 is 3 and f, 
which we might write 3+f, but, for shortness, usually 3f. 
But I is the same symbol as would be formed by writing the 
remainder 2 above and the divisor 5 beneath a horizontal 
line, as directed by the rule for division, to denote the process 
that one number is to be divided by another. Accordingly, 
we may regard every case of division so expressed as a frac- 
tion, and every fraction as a division to be performed. In 

harmony with this view — , , are each fractions; and 

the term fraction may even be extended to whole numbers: 

for example, , are fractions, and are aH equal to 

1 2 3 

and representative of the whole number 17. 

According to this new notation, which includes all our 
former ideas of number, and others besides, the part above 
the line is called the numerator, and that beneath it, the 
denominator, and both of these are called the terms of the 
fraction. The numerator takes its name from its expressing 
the number of parts of a certain kind that are taken; the 
denominator, from its giving name, as sevenths, ninths, to 
the parts into which the unit is (to be regarded as) divided. 

VOL. n. 


There are two ways in which a fraction may be considered. 
If we have, for instance, such a fraction as we may regard 
it either as the third part of 2, or as twice the third part of 1. 
This is, indeed, plain from what has been said upon the divi- 
sion of 17 by 5. In order, however, to bring the principle 
more prominently before the mind, let the line a b be 2 yards; 


A D E 0 f 0 B 

and divide each of the yards ao and ob into three equal 
parts. Then because AE=Ei’=i’ B, and divide the length 
ab into three parts, a e is the third part of 2: it is therefore 
f . But A E is twice a j>, and a b is the third part of 1 yard 
ao; and a third of 1 is Therefore AE=f is twice J. 
Hence to get a length equal to two-thirds of a yard, it makes 
no difference whether we divide two yards into three equal parts 
and take one oi each of them, or whether we divide one yard 
into three equal parts and take two of them. The symbol § 
is made to stand for each of these operations, since they both 
lead to the same result. By the same sort of reasoning we 
conclude that one- fifth ol three, and three- fifths of one, are 
identical and truly expressed by f ; and this double interpre- 
tation may be extended to aU other cases. 

The meaning may appear to be somewhat ambiguous when 
the numerator of the fraction is greater than the denomi- 
nator. According to the latter interpretation, f would mean 
that 1 is divided into 5 equal parts, and that 8 of them are 
to be taken. The explanation is, however, very easy; the 
case requires simply that as many units be each divided into 
fifths as will give more than 8 such parts, and that 8 of them 
are to be taken to form the numerator of the fraction. 
Thus, supposing the line a b to represent 2 yards, divided 

. I -I . , I 


A 0 B B 

each into five equal parts; the whole number of parts is 10, 
and of these we are to take eight, namely, a b, to form our frac- 
tion; and as each part is a fifth of 1 yard, eight such fifths is 
truly expressed by f . 

In arithmetical works it is common to give a rule for find- 
ing the integers contained in an improper fraction. The 
necessity for such a rule has, however, been obviated by the 
explanation that every fraction may he regarded as a division 
to be performed. If wanted, however, the rule is: Divide 
5-6 
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the numerator hj the denominator^e^g. how many units are 

there in — ? Since ~==1, it is plain that as often as ^ 
6 6 6 

contains so many units there will be. How 23 == 6 + 6 + 6 
4*6; therefore, 


6 


l.+i.+i.+A=i + 1 + 1 +-|. 

6 6 6 6 6 


: 3 +Aor sA 
6 6 


This agrees with the rule; for 234-6 give 3 for quotient and 

8 for remainder; and the sixth part of 5 is A; therefore 

6 


Similarly 

39 


!+6=3+4- or sA 
6 6 


=39+5 = 7 + -! 
5 5 

®®=83+ll = tA 
11 11 


~ = 150 + 14=10— 

14 14 

— = 307+15=2oA 

15 15 


The counterpart of this problem — viz. the conversion of 
whole and mixed numbers into fractions — is frequently needed. 
The rule is this: Multiply the integral part hy the given de- 
nominator^ and the proauct increased by the numerator of 
the fractional part (if there he any such part) is the nume- 
rator of the new fraction. 

As an example, express 3 in fifths. Since every 1 in 3 is 

A, therefore 3=®±|iA=i^=l!. 

5 5 5 5 

3 

Again, how many eighths in 7 — % In 7 there are, reason- 
8 

ing as before, 7 x 8, or 56 eighths ; therefore 7 and 3 eighths 

3 59 

must contain 56 -f 3, or 69 eighths; consequently 7 — = — 

8 8 

Similarly 

7 expressed in ninths is — ] gil expressed in twelfths, 11? 


4 


in thirds, 


'"12 " ’ 12 
3 “ in hundredths, 

100 


These two processes are the inverse of each other, and mutu- 
ally prove each other’s results, as may be easily seen by 
working the answer of the one as the question of the other. 

We come now to consider, perhaps, the most valuable pro- 
perty of a fraction. We have shown that the dividend and 
divisor may be either multiplied or divided by the same num- 
ber without affecting the quotient. As the greater part of 
the operations upon fractions have an immediate reference to 
the principle involved, the student cannot be too particular 
in impressing it upon his mind. It is the following: — 

The value of a fraction is not altered by multiplying hoth 
its numerator and denominator by the same quantity. That 
is, f is the same as or we shall obtain the result by dividing 
1 yard into 12 parts, and taking 9 of them, and by dividing 
it into 4 parts and taking three of them. To prove this, let 
AE be a yard or any other definite length; divide it into 4 


A B 0 j> E 

equal prts, a b, b o, o n, and n b, and divide each of these 
parts into 3 equal parts; then a n is j. But it is also 
for the whole line is divided into 12 equal parts, and a n 
contains 9 of them; that is, we get the same length by 
dividing a yard into 12 equal parts, and taking 9 of them, as 
we get by dividing it into 4 equal parts, and taking 3 of 
them. We have, therefore, no difficulty in concluding gener- 
ally that I and ^ are the same thing. It follows from this 
that every fraction admits of innumerable alterations in its 
form without suffering any change of value. 

. Thus 

' ■ ' JL ' 1. A' ± A-A A A~&<l ■ 

2 * 4_“ 6*8 “lO'" 12 *14“ 16“ , , 


7 “14“21“28~35"42“49"86“ ’ 


On the same principle, the terms of a fraction may both be 
divided by any number without any alteration of its value. 
This hardly needs demonstration; for | and ^ are the same, 
and I is made from by dividing both numerator and 
denominator by 3. 

Though the two fractions j and are of the same value, 
and either of them may be used for the other without error, 
yet the first is more convenient than the second, not only 
because we have a clearer idea of three-fourths of a yard than 
ot nine-twelfths of it; but the numbers in the first being 
smaller, they are more conveniently added, subtracted, multi- 
plied, or divided. It is therefore useful, when a fraction is 
given, to find out whether its terms have any common divisor 
or measure. The method of doing this has already been ex- 
plained (pp. 412-415). There it was shown, that when two 
numbers are divided by their greatest common measure, the 
quotients are prime to each other. When the terms of a 
fraction are thus reduced, that is, are incapable of being both 
measured by any number greater than 1, the fraction is said 
to be reduced to its lowest terms^ and cannot be expressed 
more simply or by any fraction having a smaller numerator 
and denominator. From all this it appears that a fraction is 
reduced to its lowest terms when its numerator and denomi- 
nator are divided by their greatest common measure, or in 
other words, have all their common factors expunged. 

It frequently happens that the greatest common measure 
is evident on inspection, as in the following instances, where 
the common factors are accented: — 


8 ^2x4^_2 
12“3x4' 3 
12_lxl2'__l 
48“4xl2'“4 


9 1x9^ 1 

8l“9x9'“9 
14 2x7' 2 
21~3x7'~3 


28 4x7' 4 
35~5x7‘'""5 
^_8x3'_8 
21~7‘x3'~7 


When, however, the terms of the fraction are large num- 
bers, it becomes necessary to apply the rule for finffing the 
greatest common measure of two numbers in order to elimi- 
nate the common factor of the terms. The following are 
instances:— 


2433 _ 3x811' 3 

13787 17x811'“17 
1397_llxl2r_ll 
2921 ”23x127' “23 


8888 22 X404^ 22 

403596 ” 999 x 404' ” 999 
13786_113 x 122'_^113 
93208 764x122' 764 


Where the terms of the fraction are already in factors, 
any one factor in the numerator may be divided or struck 
out, provided the same is done with some one factor in the 
denominator. — The Principle is the same as before. 


4x 7 X 5^1'x7_xl'__ 
8x 6 xlO 2'x6 x2'“ 
12 X 18_x ^ ^ 2' X 3'x3' ^ 
18x24x 11 3'x4'xi' 


^2. 

2' X 6 X 2 24 

l'^rx^_3 

l'x2'“xl ”2 


16^4 ^3 
14x32x8 8 

7x25x30 3 

28x35x100 ”56 


Since the relative magnitudes of fractions depend upon 
two numbers, it is not always easy, at first sight, to decide 
which of two quantities so expressed is the greater, especially 
if the terms are high numbers. For instance, take | and . 
Before we can compare their values, or express their sum or 
difference by a single number, we must effect such a change 
on one or both of them, that their component units shall be 
the same. Let the terms of f be multiplied by 15, and the 
terms of by 5, then f becomes and becomes f|, 
and as these new fractions have the same values as those 
given and express similar parts of the same unit, for the 
denominator in hoth is the same^ we are able to determine 
their relative magnitudes, and, as we shall afterwards see, 
can find their sum or their difference with comparative 
readiness. 

To show how this is done, we shall work out an example. 
Let the proposed fractions be J, |, !•. Multiply both 

terms of ^ by 4 x 6 x 3, both terms of | by 2 x 6 x 3, both 
terms of | by 2 x 4 x 3, both terms of f by 2 x 4 x 6; then 
it appears that 
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i , l x 4x6x 3 
2 ^ 2^4x6x3^ 

3 . 3x2^6>^ 

4 4 X 2 X 6"x 3 ‘ 


72 

6 . 6x2x4x3 

144 

6^6x2x4x3 

108 

2.2x2x4x6 

144 

3“3x2x4xe 


or 


144 

96 

'l44 


We tiave thus succeeded in bringing all the given fraction^ 
to the same denominator, 144, and the method by which it 

is done is as follows : — 

Multiply numtratOT by all the given denominators 
except its own, for the numeratOT of the equivalent fraction, 
and take the product . of all the denominators for its 
denominator. 

This is the common rule; and it is obvious at once that by 
following it we must always succeed in forming a new set of 
fractions, having a common denominator. But, on examining 
the resulting fractions in the foregoing example, we find that 
ail the numerators and the common denominator are divisible 
by 12 ; and we have already shown that this division does not 
affect their value. Making therefore this division, we get 


6 . , . 72 

144 


12 


12? 

144 


10 . 120 
instead of 


12 


144 


These are likewise fractions equivalent to those given, and 
have a common denominator; but the common denominator 
is a much smaller number, and therefore they are simpler 
answers to the question than the fractions first found, and are 
much more easily worked with. Our first object properly 
is to find equivalent fractions having a common denomi- 
nator; but, as a matter of course, it is of great importance 
that the denominator be as small as possible, and this is 
always the case when the numerators and this denominator 
have no common measure. The common denominator which 
fulfils these conditions is the least common multiple of all the 
denominators given, and is found as explained, p. 413. The 
method of proceeding will be best understood by an example. 
Let the given fractions be 

1 2 3 7 9 ^ 17 8_ 

2 3 4 6 10 12 18 21 

Find the least common multiple of these denominators; it 
is 1260. The equivalent fractions to be found cannot ob- 
viously have a less common denominator than this, and it 
need not be greater. Taking 1260 therefore as the denomi- 
nator wanted, we find a set of multipliers for the numerators 
of the given fractions, simply by dividing the multiplier by 
all the denominators in succession. 

Thus l260-r-2 = 630 | 126o-r4=315 | 1260^10=126 
1260-7-3=420 1 1260-^6=210 | 12604'12 = 105 
1260-M8=70 1260-r-2I=60 

We now multiply every given numerator by the result of its 
denominator in the prececfing list, for the numerator of the 
equivalent fraction, and write 1260 for the common denomi- 
nator of all, as follows:-— ■ 

1x630= 630; therefore | is 


2x420= 840; therefore 
3x315= 945; therefore 


7x210=1470; therefore ^ is 


9 . 


9 x 126 = 1134; therefore is 


630 

1260 

840 

1260 

945 

1260 

14TO 

r260 

1134 

1260 

526 


5 X 105= 526; therefore is 


17 1190 


17 X 70 = 1190; therefore jg is 


8x 60=: 


480; therefore ^ is 


480 

1260 


1 

2 

3 

1 

3 

5 

12 

16 

18 

4 

9 

2 

3 

4 

6 

8 

12 

24 

24 

24 

24 

24 

1 

2 

3 

12 

3 


28 

24 

18 

48 

63 

3 

7 

14 

21 

4 


84 

84 

84 

84 

84 

3 

6 

9 

7 

1 


135 

100 

162 

105 

10 

4 

9 

10 

12 

18 


180 

180 

180 

180 

180 

1 

1 

1 

1 

1 


30 

20 

15 

12 

10 

2 

3 

4 

5 

6 


60 

60 

60 

60 

60 

5 

7 

11 

9 

6 


225 

210 

220 

162 

75 

8 

12 

18 

20 

24 


360 

360 

360 

360 

360 

1 

3 

7 

5 

16 

11 

120 

648 

504 

900 

720 

9 

6 

15 

6 

24 

27 

1080 

1080 

1080 

1080 

1080 


The following instances may be managed exactly in the 
same way, and will afford sufficient exercise in the rule, 
should they be worked over with care. 


W 
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THE LATIN LANGUAGE.— CHAPTIE VIl. 

IRREGULAB. VERBS. 

Irregularities of three kinds occur in Latin verbs: — (1) 
Some of the tenses of Latin verbs (especially the perfect and 
the supine) are formed in a different way from that shown in 
the paradigms of the regular verbs; (2) some verbs have 
peculiarities in the mode of adding their inflexions to the 
stem, as fero, &c. ; (3) sometimes two or more different stems 
are used to complete one verb: as present, sum; perfect,/^^; 
present, perfect, tuli; supine, latum. Properly speak- 
ing, this last distinction ought not to be regarded as an 
irregularity: it is rather a case of totally different stem, and 
such verbs should he called composite. 

The number of verbs irregular in the perfect and supine 
is very large; but there are eleven verbs of such frequent occur* 
rence, and so peculiarly irregular, that it is usual to print 
them at length, that they may be specially committed to 
memory and be readily referred to. These are — sum, and its 
compounds possum, prosum, &c., of which we have already 
supplied complete paradigms, and v6lo, nolo, mdlo, eo, fio, 
firo, edo, and queo, with its compound n&queo, to which we 
now direct attention. 

The anomalous verbs, volo, I wish; mlo, I wish not to; 
malo, I would rather; /e7*o, I bear; and eo, I go, do not 
form all their parts in the usual way, but are conjugated 
irregularly, thus: — 

INDICATIVE MOOD. 





PRESENT. 



S. 

1. 

Vblo, 

Neio, 

Malo, 

Faro, 

Eo. 


2. 

Vis, 

Nonvis, 

Mavis, 

Pers, 

Is. 


3. 

Volt, 

Vbliimiis, 

Nonvnlt, 

Mavnlt, 

Fert, 

It. 

PL 1. 

Noltlmiis, 

Maliimtis, 

FSrimfis, 

Imiis. 


2. 

Vnltis, 

Nonvnltis, 

Mavnltls, 

Pertis, 

Itis. 


3. 

VSlunt, 

Nolunt, 

Malunt, 

FSrunt, 

Eunt 




IMPERFECT. 



S. 

1. 

Vblg -bam, 

Nole -bam, Male -bam, 

Fgrg -bam, 

I -bam. 


2. 

-bSs, 

— bas. 

-bas, 

-bas, 

-has. 


3. 

-bSt, 

-bat, 

-bat. 

-bat, 

-bat. 


PI. 1. -bamtls, -bamus, -bamiis, -bamfis, -bamffs, 

2. -batis, -batis, -bStis, -batis, -batis. 

3. -bant, -bant, -bant, -bant, -bant 

FUTURE SIMFLE. 


S. 1. 

Vbl-am, 

Nol -am, Mai 

-am, Fgr 

-am, 

I -bo. 

2. 

-gs, 

-gs, , 

-Ss, 

-gs, 

-bis. 

3. 

-at, 

-at, 

-gt, 

-at, 

-bit 

PL 1. 

-emUs, 

-emUs, 

-gmtis, 

-gmtls. 

-bimiis. 

2. 

-etis, 

-gtis, . 

-etis, 

-etis, 

-bitis. 

3. 

-ent, 

-ent, 

-ent, 

-ent, 

-bunt 



PERFECT- 



S. 1. 

V61tt-i, 

NSlU-i, MaitI 

~i, TtQ 


Iv-i. 

2. 

-isti, 

-isti. 

-isti, 

-isti, 

-istt 

3. 

-it, 

-it, 

-It, 

-it, 

-it 

PLl. 

“imtb, 

-imtls, 

-imiSs, 

-imiis, 

-imfis. 

2. 

-istis, 

-istis, 

-istis, 

-istas, 

-istis. 


-grunt, 

-grunt, 

-grunt, 

-grant, 

“grunt, 


or gre, or ere, 

or ere, 

or gre, or ere. 



m 
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PLirPERl’BOT. 

S, 1. ViSlii -^ram, NSM -eram, Haiti -erain, Tiil-Sram, Iv~6ram. 


■ 2. 

-^ras, 

-gras, 

-gras, 

-gras. 

-gras. 

3. 

-(grat, 

-erSt, 

-grgt. 

-ergt, 

-erSt. 

PI. 1. 

-gramiis 

-gramtLs 

, -gramfls, 

-gramils, 

-gramiis. 

2, 

-gratis, 

-gratis, 

-gratis, 

-gratis, 

-gratis. 

3. 

-grant, 

-grant. 

-grant, 

-grant, 

-grant. 



FUTURE 

PERFECT. 



S. 1. 

Vglii-gro, 

Nolii -gro, 

Malfi -gro, Till -gro, Iv -gro. 

2 

-gris, 

-gris, 

-eris, 

-gris, 

-gris. 

3. 

-Srit, 

-grit, 

-grit, 

-grit, 

-grit. 

PI 1. 

-grimiis, 

-grimfls 

-grimtts, 

-grimns, -grimiis. 

2. 

-gritis, 

-eritis, 

-gritis, 

-griins. 

-eritas. 

3. 

-grint, 

-grint, 

-erint, 

-grint, 

-grint. 



SUBJUNCTIVE MOOD. 





PRESENT. 



S. 1. 

Vgl -im, 


Mai -im, Fgr -am, 

B -am. 

2. 

-is, 

-is, 

-is, 

-as, 

-as. 

3. 

-it, 

-it, 

-it, 

-St, 

-St. 

PL 1. 

-imiis, 

-imtls, 

-imfis, 

-amiis, 

-amiis. 

2. 

-itis, 

-itis, 

-itis. 

-atis, 

-atis. 

8. 

-int, 

-int, 

-int. 

-ant, 

-ant 



IMPERFECT. 



S. 1. 

Veil -em, 

NoH -em, 

Mall -em, Ferr -em, 

[r -em. 

2. 

-gs, 

-Ss, 

-es, 

-gs, 

-es. 

3. 

-gt, 

-gt, 

-gt. 

-gt, 

-gt. 

PLl. 

-emiSs; 

-emlis, 

-emtls, 

-emtis, 

-emiis. 

2. 

-etis, 

-gtits, 

-etis, 

-etis, 

-etis. 

8 . 

-ent, 

-ent, 

-ent, 

-ent. 

-ent 



PERFECT. 



S. 1. 

Vglfi-grim, 

NSlfi-grim, 

Mali! -grim, Ttil-grim, 

Iv -grim. 

2. 

-gris, 

-gris, 

-gris, 

-gris, 

-gris. 

3. 

-grit, 

-grit, 

-grit. 

-grit. 

-grit 

PLl. 

-grimils, 

-grimiis, -grimtis, 

-grimfls, -grimns. 

2. 

-gritis, 

-gritis, 

-gritis, 

-gritis 

-gritis. 

3. 

-grint, 

-grint, 

-grint, 

-grint, 

-grint 



PLUPERFECT. 



S. 1. 

Vgfii -issem, 

N6lfi -issem, 

Mialfl -issem, Till -issem, 

Iv -issem* 

2. 

-issgs, 

-isses, 

-issgs, 

-isses, 

-isses. 

3. 

-isset, 

-issgt, 

-issgt, 

-issgt, 

-issgt 

PLl. 

-issemfi 

s, -issemtis 

, -isserafis, 

-issemfls, -issemtis 

2. 

-issStis, 

-issetis, 

-issetis. 

-issetis, 

-issetis. 

3. 

-issent, 

-issent, 

-issent. 

-issent, 

-issent 


IMPERATIVE MOOD. 


PRESENT. 


S. 2. 

— 

Noli, — 

Fgr, 

L 

PL 2. 


NShte, — 

FUTURE. 

Ferte, 

Ite. 

S. 2. 

— 

N6lit0, — 

Ferto, 

Ito. 

3. 

— 

NSlIto, — 

Ferto, 

Ito. 

PL 2. 

■— 

NSlitote, — 

Fertote, 

Itote. 

3. 


Ndlunto, — 

INFINITIVE MOOD 

PRESENT. 

Ferunto, 

Ennto, 


Velie, 

NoUe, MaUe, 

PERFECT. 

Ferre, 

lie. 


Vbm-isse, 

NOlii-isse, Malii-isse, 

GERUNDS. 

Tiil-isse, 

Iv-isse. 


— 

— — 

Fgrend-nm 

, Ennd-nm. 


Vblend-i, 

Nolend-i, Malend-i, 

Fgrend-i, 

Eund-i. 


Vglend-o, 

Nolend-o, Malend-o, 

SUPINE. 

Pgrend-o, 

Eund-o. 




Lat-nm, 

It-nm. 



PARTICIPLES. 

PRESENT. 

Lat-u, 

It-ii. 


Vglens, 

NSlens, Malens, Fgrens, lens (gnnt-is). 


FUTURE. 


Feror (passive) has second person present indicative,/^H«,- 
third person, feriur ; imperfect subjunctive, ferrer^ ferrerk 
&c. ; and infinitive, ferrl. Supine stem-forms, latus mm, &c! 

Fio is (in the present stem-forms) used as the passive of 
facw^ which is regular in the active and in the supine stem- 
forms of the passive. 

Edo, I eat, though its other forms are regular, often 
changes some of its parts as follows : — 

Second person present singular, ed^s or es,- third person 
singular, edit or est; infinitive, Mere or es&e; imperfect sub- 
junctive, ederem or essem. 

In the present subjunctive, Mim, Mu, MU are used. 

Eo has a passive voice only in the third singular ; as Uur, 
it is gone; ihatur, it was gone, &c. The compounds of eo 
(aheo, to go away ; ineo, to enter ; redeo,^ to return, &,c.) are 
conjugated like the simple verb ; but m, ivisti, &c., in the 
perfect, are usually contracted into iisti {isti). Some of 
the compounds occasionally take -am instead of -ho in the 
future; as redeam, redies, &c. Some are transitive, and there- 
fore have a complete passive voice; as adeo, ineo, frcetereo, 
transeo, &c. The compound veneo, I am sold (which has a 
passive signification, and is contracted for mnum eo), is conju- 
gated lilce the simple verb, but wants the imperative, the 
participles, and the gerund. Its imperfect indicative is often 
made venieham, for 'venlbam. The compound is a 

regular verb of the Fourth Conjugation ; as amhiunt, amhi- 
eham or amhiham, amhiam, &c. 

Q^iieo, I am able, and nequeo, I am unable, are conjugated 
like eo; but they want the imperative and the gerund. Their 
participles very seldom occur. They are occasionally used in 
the passive voice when governing the infinitive passive of 
another verb. Non quis and non quit are used for neqtds 
and nequit. 

Many of these irregularities of inflexion are the result of 
syncope, contraction, or the requirements of the laws of 
euphony. 

In verbs which have v in their perfect tense contraction 
often takes place by omitting the v, after which the first 
vowel of the termination is absorbed into the final vowel of 
the stem; as amdsti, for amdvisti; noram, for nomrmri', 
complerunt, for compleverunt; nosse, for novisse. When an 
i precedes v the 'V is not unfrequently omitted without this 
absorptive contraction; as finiero, for finivero. 

In verbs which have perfect stems ending in s or ^ the 
syllables is, iss, and sis of the termination are occasionally 
omitted in the perfect and in tenses derived from it. This 
occurs more particularly in verbs of the Third Conjugation ; 
as evasti, for evasisti; eootinxem, for extinxissem; justi, for 
jusmti; divisse, for divisisse. 

The third person singular of the perfect is often contracted 
in verbs of the First, Second, and Fourth Conjugations ; as 
fumdt, for fumdvit; audit, toY audlvit, This form, of course, 
occurs most frequently in poetry. 

The supine in -um is found in comparatively few — some 
say not more than 300 — verbs. It is, however, in most 
grammars inserted for uniformity's sake ; as though in many 
verbs it does not actually occur in extant books, its exist- 
ence is implied in the perfect participle passive or the future 
in -rus: and hence the neuter of the perfect participle is 
frequently taken instead to supply the stem of the third 
principal part. 

When a verb wants any one or more of the principal parts, 
it evidently wants also the tenses formed from it or them; as 

timeo, timui, , timere, to fear, to be afraid ; ferio, , 

, ferere, to strike. 

The participle of past time is wanting in the active voice. 
The defect is remedied by (1) the ablative absolute, or (2) by 
a relative clause, usually introduced by quum. 

In the compound tenses of the indicative and subjunctive 
the participle is alivays in the nominative case, but may be 
used in both numbers and in all genders to suit the subject. 

The participles in the compound infinitive are used in the 
nominative or accusative, of both numbers and of ail genders; 
as amdtus esse, amdta esse, amdtum esse, amdtos esse, 
amdtas esse, &c. 

Besides the forms amdtus sum, I have been loved; amdtm 
eram, I had been loved, &c., we find amdtus fui, I have been 
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loved; am&tus fu&ram^ I had been loved, &c.; but in these 
cases the participle is to be regarded simply as an adjective. 

Some tenses cannot be formed without the auxiliary 
verb esse, to be. These tenses are (1) in the active — ^the 
future infinitive, which consists of the participle future 
active with esse; and (2) in the passive — the perfect indica- 
tive and subjunctive, the pluperfect indicative and subjunc- 
tive the future perfect, and the perfect infinitive, which 
consist of the perfect participle passive with parts of esse. 

PeBIPHBASMO CoNJirOATION. 

The following periphrastic forms are frequently employed: — 

(1) The future participle active is used with the verb sum, 
to express relations for which adequate expressions are not 
provided in the ordinary tenses of the verb. The significa- 
tion of these periphrastic tenses is always that of the future. 
Thus— 


Tense. 


Indie. 

Subjunc. 

Indie. Subjunctive. 

Pres. 

Scripturus 

sum 

sim 

I am, I mag be •\ 

S.4 

Imp. 

Scripturus 

Sram 

essem i 

/ w'as, I might be 

1 - 

Fui. 

Scripturus 

ero 

— 

I shall be 1 

u 

Per/. 

Scripturus 

fui 

fuSrim 

I ha ve been, may have been j 

Is 

Plup. 

Scriptui'us 

filigram 

fuissem 

/ had been, should have been 

3. 

F.Per. 

Scripturus 

fdgro 

— 

I shall have been J 

' ? 


j „ iPres. Scripturum esse, to be about to write, 

\Perf. Scripttirum fuisse, to have been about to write. 

The passives of these forms caimot be made directly ; but the same 
idea may be expressed by the phrase, Futurum est, ut epistola 
scribdiur; or In eo est, ut epistola scrlbatur. 


(2) The passive voice of transitive verbs is used in the future 
participle or gerundive, with the verb stm, to express what 
ought to be done, or is to he done; as — 


Tense. 


Indie. 

Subjunc. j Indie. Subjunctive. 

Pres. 

Arnandus 

sum ' 

sim i I am, / may be \ 


Imp. 

Arnandus 

i eram 

essem / was, / might he 

1 ® 

Fut. 

Arnandus 

ero 

— [ shall be ' 


Per/. 

Arnandus 

fui 

fuerim I ha.ve been, may have been : 

r 

Plup, 

Arnandus 

fueram 

fuissem I had been, should have been 

1 5 

F.Per. 

Arnandus 

fuero 

— i / shall have been ) 

1 


(^Pres. Amandum esse, to he Jit (or deserving') to he loved. 
Injin. <Perf. Amandum fuisse, to have been Jit (or deserving) to 
( be loved. 


In these periphrases Jul is occasionally used for sum., f aero for h'd, 
fueram for vram, f derim for fuissem for essern. and Juisse for 
e.s’se: as dmdtus (or arnandus) fui, f aero, f deram, f derim, Juissem, 
fuisse, &c. 

VERBS (MORE OR LESS) IRREGULAR IN THEIR 
PERFECT AND SUPINE. 

1. — THE FIBST CONJUGATION. 

The regular terminational forms of the ITirst Conjugation 
are -dw and -atum, like dmo, am~dm, dmdt-um, dm-dre, 
to love. 

The following verbs, however, have their perfects and 
supines, and the tenses derived from them, irregular in the 
way pointed out in the synoptical table given below: — 


Crepo,^ 

cr§pui, 

crepitum, 

erSpare, 

to creak. 

Ciibo.s 

cubui or - 

■avi, ciibitum, 

ciibare, 

to lie. 

Do, 3 
Dbmo, 

dedi, 

dS,tum, 

dSre, 

to give. 

ddmui, 

domitum, 

ddmare. 

to tame. 

Frico, 

fricui, 

(frlcatum or) 
(frictum, ) 

fricare, 

to rub. 

Juvo,* 

LSibo, 

juvi, 

jutum, 

juvare, 

labare, 

to assist, 
to fall. 

Lavo, 

lavi, 

n^vatum, ) 
< lautum, or > 

ISvare and 1 

1 to wash. 

Mico,® 

(lotum, ) 

lavSre, ^ 

micui, 

— 

micare, 

to glitter. 

Ngco 

(neeavi or 
(necui. 

1“ necatum, 

necare. 

to kill 

Plico,‘> 

(plieui or 
(plicavi, 

plicitum or) 
plicatum, ) 

plicare. 

to plait. 


Poto, 

potavi, -| 

ipotatum or) 
Lpotum, ) 

potare. 

to drink. 

Praesto, 

prsestiti, 

fprsestitum or 
[prsestatum, 

prsestare, 

to perform. 

Seco,^ 

sScui, 

sectum, 

sScare, 

to cut. 

SSno,8 

sonui, 

sbnitum, 

s5nare, 

to sound 

Sto,» 

stSti, 

statum, 

stare, 

to stand. 

TSno, 

tdnui, 

tSnitum, 

tbnare, 

to thunder. 

Veto, 

(vStui or > 
(vetavi, > 

v^titum, 

vStai'e, 

to forbid. 


^ Its compounds, discrepo, to differ, and mcrepo, to chide, have 
-dvi and -dtum, and also ~ui and -itum. The forms in -avz, atum, 
are the rarer ones. 

® Those compounds of which have m (e.g. recumbo) belong to 
the Third Conjugation ; as procumbo, procubui, procubitum, pro- 
cumbers, to lean forward ; but those that have no m are conjugated 
like cubo. 

‘^Most of the compounds of do belong to the Third Conjugation ; 
as addo, addidi, additum, addere; but circumdo, to surround; pes- 
sundo, to ruin ; satisdo, to give bail ; and venundo, to sell, are of 
the First, and follow do. 

^Juvo has for its future participle yWdiwrMS ; but adjuvo h&s 
adjuturus. 

^ Emico, to shine forth, has emicui, emicatum; but dlmico, to 
fight, -avi or -uL 

®The verb plico is rarely used in its simple form. The following 
compounds of it, namely, duplico, multiplico, replico, and supplico, 
have -Civi, -dtum ; the others have both -dvi, -dtum, and -ui, -itum. 

^ The future participle takes the full form secdturus. 

^ Sono makes its future participle regularly, sondturus. 

® Many compounds of sto m^e stiti and stdtum (or stUum) in 
their perfect and snpine. Adsto, prosto, and resto have no supine. 
Antesto, circumsto, intersto, and supersto have steti for the perfect, 
but no supine. Disto and suhsto want both perfect and supine. 

II. — THE SECOND CONJUGATION. 

The normal terminational forms of the perfect and supine, 
in the Second Conjugation, are -eui and -etu77i; as in Jleo, 
jievi,jietum,jlere, to weep. Verbs of this formation are few. 
The larger number resemble our model verb moneo. 

The following irregular verbs in this conjugation are the 
most usual (classified): — 

1. Perfect in -eui; Supine in -etum (but two take Uuni). 


AbSleo, 

ab(51evi, 

abblitum, 

miexe, 

to abolish. 

Addleo or ] 
Adolesco, J 

> adolevi, 

) 

adultum, 

— 

to grow up. 

Cieo,^ 

Compleo, 

civi, 

citum, 

completum, 

ciere, 

complgre, 

to stir. 

complevi, 

to fill up. 

Delgo, 

delevi, 

deletum, 

delere, 

to blot out. 

Exdleo or 
Exolesoo, , 

exolevi. 

exoletum, 

— 

to grow old. 

Neo, 

nevi, 

netum, 

nere, 

to spin. 

Obsoleo or ' 
Obsolesco, J 

J* obsolevi, 

obsoletum, 

— 

Ho grow out 
( of use. 

Vieo, 

vievi, 

vietum, 

vigre, 

Ho hoop a 

1 vessel. 


^ Some of the compounds of cieo belong to the Fourth Conjuga- 
tion ; as condo, concivi, concltum, conclre. 


2. Perfect in -ui; Supine in -turn or -mm. 


Censeo, 

feensui or 
(census sum 

censum or ) 
sensitum, j 

- censere. 

(to value, 
t think. 

DSceo, 

ddeui, 

doctum, 
fmixtum or ] 
(mistum, J 

d6cere, 

to teach. 

Misceo, 

miscui, 

miscere, 

to mix. 

Sorbeo, 

(sorbui, 

(sorpsi, 

I - 

sorbere, 

to suck up. 

Teneo, 

tenui, 

tentum, 

ten ere, 

to hold. 

Ton*eo, 

torrid, 

tostum. 

torrSre, 

to roast. 


3. Perfect in -i; Supine in -mm. 


Frendeo, 

frendi, 

fressum, 

frendSre, 

(to g7iask the 
( teeth. 

Prandeo,^ 

prandi, 

pransum, 

prandere, 

to breakfast. 

SSdeo,2 1 

sedi, 

sessum, 

sSdere, 

to sit. 

Strideo, 

stridi. 


stridere, 

creak, 

( whistle. 

Video, 

vidi, 

Visum, 

videre. 

to see. 


‘ Pransus means having breakfasted ; knpransus, breakfastless, 
fasting. 

® Many compounds of sedeo want the supine; as desldeo, dissideo. 
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persideo^ prm^deo^ realdeo^ and subsideo. When sedeo is com- 
pounded with prepositions of one syllable e becomes as prcesideo; 
but when with those of two syllables it remains unchanged, as 
ctrcumsedeo. 


The following four reduplicate the first syllable in the 
perfect and its derived tenses: — 


Mordeo, 

mSmordi, 

morsum, 

mordere, 

to bite. 

Pendeo, 

pgpendi, 

pensum, 

pendere, 

to hang. 

S])<»ndeo, 

spGpondi, 

sponsum, 

spondere, 

to promise. 

Toiideo, 

tBtondi, 

tonsum, 

tondere, 

to shear. 


4. Perfect in -i; Supine in -turn. 


CS-veo, 

csivi, 

cautum, 

cS-vere, 

to take care. 

F§.veo, 

favi, 

fautum, 

fSvere, 

to favour. 

FSveo, 

fovi, 

fStum, 

fhvere, 

to cherish. 

Mbveo, 

m3?i, 

mStum, 

mbvere, 

to move. 

V'Sveo, 

vovi. 

votum. 

vhvere, 

to vow. 

The following have no supine: — 



Conniveo, 

(connivi or ] 
(connixi, j 

y — 

> 

connivere, 

to wink. 

Ferveo, 

j fervi or 1 
(ferbui, J 

^ - 

fervere, 

to hoil. 

Paveo. 

pSvi, 


pSvgre, 

to fear. 


Algeo, 

5. Perfect in 

alsi, 

-si; Supine 

in -turn or sum. 

algere, to be cold. 

Ardeo, 

Augeo, 

arsi, 

arsnm, 

ardere. 

to blaze. 

auxi, 

auctum, 

augere, 

to increase. 

Frigeo, 

frixi, 

— 

frigere, 

to be cold. 

Fulgeo, 

fulsi, 

— 

fulgere, 

to shine. 

Hsereo, 

hsesi, 

h®sum, 

hserSre, 

to stick. 

Indulgeo, 

indtils], 

indultum. 

induigSre, 

to indulge. 

Jfibeo, 

jussi, 

jussum, 

jiibere, 

to order. 

Liiceo, 

luxi. 

— 

lucere, 

to shine. 

Lugeo, 

luxi, 


liigere, 

to grieve. 

M^eo, 

mansi, 

mulsi, 

mansum, 

rnSnere, 

to remain. 

Mulceo, 

mulsum, 

mulcere, 

to stroke. 

Mulgeo, 

mulsi, 

(mulsum or 
|mulctum, 

mulgere, 

to milk 

Eideo, 

, risi,' 

risum, 

ridgre, 

to laugh. 

SuSdeo, 

Tergeo, 

suasi, 

suasum, 

suadere, 

to advise. 

tersi, 

tersum, 

tergere, 

to wipe. 

Torqueo, 

torsi, 

tortum, 

torquere, 

to twist. 

Turgeo, 

tursi, 

— 

turgere, 

to swell. 

Urgeo, 

ursi, 

*— 

ni-gere. 

to press. 

6. Many verbs, chiefiy intransitives, want the 

supine; as — 

Arceo, 

arcui, 

— 

arcere, 

callere, 

to keep off. 

Calleo, 

callni, 

, — 

to know. 

Egeo, 

Sgui, 


ggere, 

to want. 

Floreo, 

florui, 


florire, 

to flourish. 

Horreo, 

hoiTui, 

, — 

horrere, 

to shudder. 

L^teo, 

latui, 


' lS.tere, 

to lie hid. 

Niteo, 

■' 'nitui, ' . ' 
blui, 


nitere. 

to shine. 

Oleo, 

■' 

blere, 

to smell. 

Pateo, 

pS-tui, 


pat ere, , . 

to lie open. 

Rigeo. 

ngui, 


.'.'.tigere, ■ 

to he stiff. 

Sileo, 

silui, 


silere, 

to be silent. 

Studeo, 

stfidui, 


stiidere, 

(to pay heed 
1 to. 

Timeo, 

Vigeo, 

timui, 


timere. 

to fear. 

vigui, 

— 

viggre, 

to thrive. 

Vireo, 

virui, 

■ , 

virere. 

to be green. 


7. Many intransitive verbs want both perfect and supine; 
but the infinitive of these verbs is regular. 

Aveo, to desire. Foeteo, to stink. Msereo, to mourn. 

Calveo, to he laid, Hebeo, to he dull. PoUeo, to be poioerfuL 

Caneo, to he gray. Huineo, to he damp. RSnideo, to shine forth. 

Denseo, io thick, Lacteo,to grow milky. ScSteo, to gush forth. 
FlB.veo, to he yellow. Liveo, to he livid. Squaleo, to he dirty. 

m . — THE THIBB CONJUGATION. 

The regular conjugational forms of the perfect and supine 
are -t, -tUMf or -si, -turn; as, scribo, scrips-i «cript-um, 


scrlb-ire, to write. The irregularities are mainly the results 
of contraction and euphonic change, and are best classified 
as follows: — 

L — Labial Stems. 


1. Perfect in -n; Supine in -turn. 


Carpo, 

carpsi, 

carptum, 

carpSre, 

to pluck 

Glubo,^ 

glupsi, 

gluptum. 

gliib^re, 

to strip. 

NUbo,^ 

nupsi, 

nuptum, 

nubere, 

to marry. 

Repo, 

repsi, 

reptum, 

repSre, 

to creep. 

Scalpo, 

scalpsi, 

scalptum. 

scalpSre, 

to scratch. 

Scribo,^ 

scripsi, 

scriptum, 

scribere, 

to write. 

Serpo, 

serpsi, 

serptum. 

serpgre, 

to crawl. 


^ i? is changed into p before ^ and t. 


2. 

Perfect in -ui; Supine in 

-turn or 

Uzmi. 

Gumbo or 
Incumbo, 

^ incUbui, 

iucubitum, 

incumbgre, 

to lie upon 

Strgpo, 

strgpui, 

strgpitum. 

strgpSre, 

(to 7nake 0 
( noise. 

3. 

Perfect in -i 

,• Supine wanting or in 

-turn. 

Bibo, 

bibi, 

bibitum, 

bibere, 

to drink. 

Lambo, 

iambi, 

— 

lambgre, 

to l%ck. 

Rumpo, 

rupi, 

ruptum. 

rumpgre, 

to burst. 

ScS.bo. 

scabi. 

— 

scS,b@re. 

to scratch. 


//.- 

-Guttural Bums, 



1. Perfect in -si; Supine in -turn. In these the a and ys, 
which come together in the root and the termination, form\^?. 
G is changed into c before t. 


Affligo,^ 

afflixi. 

afflictum, 

affligere, -j 

'to strike 

L down. 

Alhcio, 

allesi, 

allectum, 

allic^re, 

to entice. 

Ango, 

anxi, 

— 

anggre, 

to vex. 

Aspicio, 

aspexi, 

aspectum. 

aspicSre, 

to behold. 

Cingo, 

cinxi, 

cinctum, 

cingere, 

to surrofmd 

03quo, 

coxi, 

coctum, 

chquere. 

to cook 

Dico, 

dixi, 

dictum, 

dicfere. 

to say. 

Duoo, 

duxi, 

ductum, 

ducSre, 

to lead. 

Exstinguo, 

exstinxi. 

exstinctum, 

exstingugre, 

to extmguish 

Fingo, 

finxi, 

fictum, 

. fingSre, 

to inve^it 

Frigo, 

frixi, 

(frictum or | 
(frixum, \ 

- frigere, 

to parch. 

Jungo, 

junxi, 

junctum, 

JungSre, 

to join. 

Lingo, 

linxi, 

linctum, 

iingere. 

to l%ck. 


fmictum or | 

- mmgere, 

\to make 

Mingo, 

minxi. 

(minctum, j 

[ mater. 

Mungo or ] 
Emungo, j 

^ emunxi, 

emunctum, 

emungere, -! 

(to blow the 
[ nose. 

Pingo, 

pinxi, 

pictum, 

planctum. 

ping^re, 

to paint. 

Pkngo, 

planxi. 

plaiigere. 

to strika. 

Rego,s 

rexi. 

rectum, 

rSgere, 

(to direct. 
j rule. 

Stringo, 

strinxi, 

strictum, 

stringere. 

to grasp 

Sugo, 

suxi, 

suctum, 

sugSre, 

to suck. 

Tego, 

texi,. 

tectum, 

tegSre, 

to cover. 

Tingo or 
Tinguo, 

^ tinxi, 

tinctum. 

(tingere or \ 
(tinguere, / 

■ to dip. 

Tr^ho, 

traxi, 

tractum, 

triihere, 

to drag. 

Ungo or 
Unguo, 

uiixi. 

unctum. 

(ungere or ^ 
(unguSre, 1 

to anoint. 

Vfeiio, 

vexi. 

vectum, 

vghere. 

to carry. 


^ Fligo, to strike, is not used in the simple form. Profligo is a 
regulai- verb of the First Conjugation. 


2 Surgo, being a compound of sv/r and reyo, has surrexi, sur- 
rectum ; so pergo., from per and rego, has perrectum. The 

other compounds of rego change e into i, as erigo. 


2. Perfect in -si: Supine in -mm or -amm. 


Figo, 

fixi, 

flexi, 

fixum, 

fiigere, 

to fix. 

Fiecto, 

flexum, 

flectgre, 

to bend. 

v' Merge, 

mersi, 

mersum. 

mergere, 

to mik. 

Necto, 

nexi (“Ui), 

uexum, 

nectgre. 

to hind. 

Pecto, 

pexi, 

pexum, 

plexum. 

pectgre, 

to comb. 

Piecto, 

plexi (~ui), 

plectSre, 

to plait. 

Spargo, 

sparsi, 

sparsuni. 

sparggre, 

to scatter 

Tergo. 

tersi. 

tersum. 

terggre. 

to wipe. 
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3. Perfect in ~i (with reduplication) ; Supine in -sum and 
4um. 

— disc^re, to harn. 


Disco, 


didici, 


Pango.’ } paotnm, pangPre, to fix. 

p-». 


Posco, 

Puiigo,2 

Tango, 


to spare. 

poscgre, to demand. 

pupugi, pnnctnm, pung^re, to prick. 

tetigi, tactum, tangere, to touch. 

The compounds take i ; as compingo., compegi, compactum, com- 
jere, to together. The form pang pa, nxi,)panctum.,pangere., 
means to fasten, or drive in. 

2 Compungo has compunxi. 

3 The compounds of tango take i ; as attingo. 

4 Perfect in (stem vowel lengthened) ; Supine in 


Ago,i 

egi, 

actum, 

Sgere, 

to do. 

Cogo(conago),coegi, 

coactum, 

fractum, 

cogere, 

frangSre, 

to compel. 

Frango,® 

fregi, 

to break. 

Ico, 

ici, 

ictum, 

icere, 

Uo strike (a 
( treaty). 

Lego,® 

legi, 

lectum, 

legSre, 

to choose. 

Lin quo, 

liqui. 

lictum, 

linquSre, 

to have. 

Vinco, 

vici. 

victum, 

vinc^re, 

to conquer. 


^ All its compounds, except perago and drcumago, take i ; as 
a&f^o, to di'ive away. 

2 The compounds of frango take i ; as per/ Hugo. 

^ Lego retains e in the following compounds: — allego., perlego., 
prcelego and relego ; but changes it into i in coUigo., deligo., Uigo., 
seligo : it varies from the simple verb in the perfect of dlligo., to 
love; intelligo^ to understand; and negligo^ to neglect, which t^ex; 
as dlligo., dilexi., &c. 

5. Perfect in -ui; Supine in -turn. 

Texo, texni, textum, texire, to weave. 

6. The stem of the following verbs ends in a guttural, 
which is omitted in the present of Jiuo and struo, and is 
represented by v in mvo. 


Fluo, 

Struo, 

Vi%''o, 


fiuxi, 

struxi, 

vixi, 


ffluxnm or > « « 
ifluctum, I 
stmctum, struSre, 

victum, vivere, 


to pm. 

to pile up. 
to live. 


III. — Dental Sterns. 

1. Perfect in -sU Supine in -sum. D and t are omitted 
before s, or are assimilated to it. 

to yield, 
to shut, 
to divide, 
to injure, 
to play, 
to send. 

Uo clap the 
\ hands, 
to scrape, 
to gnaw, 
to thrust, 
to go. 

to go against. 

^ Claudo has « in its compounds, as excludo ; but drcumclaudo 
remains unchanged. 

* Its compounds take i ; as collido. 

® Plaudo changes au into o in the compounds, as explodo ; except 
in the cases of appiaudo and circumplaudo, 

^ The compounds of vado have perfect and supine ; as evado., evasi., 


to fall. 

Uo strike., to 
1 out. 
to wdgh. 


Cede, 

cessi, 

clausi, 

cessum, 

cedere, 

Claudo,^ 

clausum, 

claudere, 

Divide, 

divisi, 

di visum, 

dividere, 

Lsedo,® 

Ludo, 

Isesi, 

laesum, 

lajdSre, 

lusi, 

lusum, 

ludere, 

Mitto, 

misi, 

missum, 

mittSre, 

Plaudo,® 

plausi, 

plausum, 

plaudSre, 

Rado, 

rasi, 

rasum. 

rad^re, 

Rodo, 

Trudo, 

rosi, 

rosum, 

rodere, 

triisi, 

trusum, 

trudm*e. 

Vado, 4 

'■ 


vadSre, 

Invado, 

invasi, 

invasum, 

invadSre, 


2. Perfect Eeduplicated. 

CSdo,' cgcidi, casum, cSdgre, 

Cffido,* c6cidi, c®sum, cmdlSre, 

Pendo, pSpendi, pensum, pendere, 

Tendo,® tStendi, / tensum or ) tendSre, to stretch. 

’ Itentum, ) 

Ttindo/ tiitttdi, ftunsum or > 

’ \tusum, > 

^ The compounds of cado have no supine, with the exception of 
inddo, occido^ to fall, and recido. which take casum; as occidOy 
occfdfi, occdsum., &c. 


® The compounds of ccsdo change m into i ; as ooctdo., to kill, occzM^ 
occlsum, oGCldere. 

® The compounds have the supine in tentum, except extendo and 
ostendo, which have both tensum and tentum. 

^ The compounds of tundo do not reduplicate ; as contundo, con- 
tadi., contusum. 

Do in composition, meaning “ to put.” 


Abdo, 

abdidi, 

abditum, 

abdSre, 

^0 hide. 

Addo, 

addidi, 

additum, 

addere, 

to add. 

Condo, 

Credo, 

condidi, 

conditnm. 

condere, 

to found. 

credidi. 

creditum, 

credSre, 

to believe. 

DMo, 

dedidi. 

deditum, 

editnm. 

ded^re, 

to give up. 

Edo, 

edidi, 

edere, 

to give forth. 

Indo, 

indidi. 

inditum, 

indere, 

to put on. 

Perdo, 

perdidi, 

perditnm, 

perdSre, 

'to ruin., to 
lose. 

Prodo, 

prodidi, 

proditum, 

prodSre, 

to betray. 

Reddo, 

reddidi, 

redditum, 

reddSre, 

to restore. 

Subdo, 

subdidi, 

subditum, 

subdere, 

to substitute. 

Trade, 

tradidi, 

traditnm, 

tradere, 

to hand over. 

Vendo, 

vendidi, 

venditum, 

vendere, 

to sell. 


3. Perect in -i ; Supine in -sum. 


Accendo, 

accendi, 

accensum, 

accendSre, 

to set on fire. 

Cudo, 

ctidi, 

cusnm, 

ctidere, 

to hammer. 

Edo,i 

Fendo, 

edi. 

esnm, 

edere, 

to eat. 

— 


— 

to stHhe. 

Defendo, 

Offendo, 

defendi. 

defensnm, 

def endure, 

to defend. 

offendi, 

offensum, 

ofiend^re. 

to assault. 

Findo, 

fidi, 

fissnm, 

findere, 

to cleave. 

Frendo, 

— 

fressum, ] 

frend§re, 

Uo gnash the 

Frendeo, 

— 

fresnm, j 

( teeth. 

Fundo, 

ftldi. 

fusum, 

fundSre, 

to pour. 

Incendo, 

xncendi. 

incensum, 

incendSre, 

to burn. 

Mando, 

mandi. 

mansum, 

mandere, 

to chew. 

Pando, 

pandi, 

(pansum or ] 
(passum, i 

pandSre, 

to spread. 

Prghendo, 

prghendi, 

prShensum, 

prSh endure, 

to grasp. 

Scando,® 

scandi, 

scansum. 

scandere, 

to climb. 

Scindo, 

scidi, 

scissum, 

scindSre, 

to tear. 

Stride, > 
Strideo, ) 

stridi, 

— 

stridSre, 

to creak. 

Verto,® 

verti, 

versum, 

vertere. 

to turn.. 

^ Cormdo has the supine comesum or comAstum. 


2 The compounds change a into e, as in ascendo, ascendi., ascm~ 

sum, descendo, &c. 




® Some of the compounds of verto aie deponents ; 

as revertor, 

preevertor, &c. 





4. Miscellaneous Dental forms. 


Fido, 

fisus sum, 

— 

fidSre, 

mStSre, 

to trust. 

Mgto, 

messui, 

messum, 

to mow. 

PSto, 

pStivi, 

pfetitum, 

p8tSre, 

to s^k. 

Sido, 

sedi or sidi. 

— 

sidSre, 

to sit down. 

Sisto,^ 

stiti, 

stiitum, 

sistSre, 

(to cause to 
[ stand. 

Sterto, 

stertui, 

— 

stert^re, 

to snore. 

^ The compounds of sisto have the supine in stiium 

; as suhsisto. 

substituTn. 





IV 

— Stems ending in the Liquids X, M, N. 

1. 

Perfect in - 

ui; Supine in -itum, or -turn. 

Alo, 

^ui, 

(SJitum or ] 
(altum, j 

SlSre, 

to nourish. 

C81o,i 

cblui, 

cultum, 

cblSre, 

to till. 

ConsiUo, 

cons^ni, 

consuitum, 

consulere, 

to consult. 

Fr8mo, 

frSmui, 

frSmitnm, 

frSmere, 

to roar. 

GSmo, 

g§mui, 

ggmitum, 

gSmSre, 

to groan. 

Gigno, 

genui, 

gSnitnm, 

gignSre, 

to produce. 

Mblo, 

mSlui, 

mSlitum, 

mblSre, 

to grind. 

Ocetdo,^ 

occulni, 

occultum, 

occulSre, 

to conceal. 

TrSmo, 

trgmui, 

vbmui. 

— ' ' 

trSmSre, 

to tremble. 

V8mo, 

vSmitum, 

v5m6re, 

to vomit. 


GSuo,^ 

Fallo, 

Pello,^ 


^ Obcolo, i,e. occulo, changes o into u. 

2. Perfect Eeduplicated. 

cScini, cantum, eS-nSre, 

fgfelli, falsum, fallSre, 

pSpuli, pulsum, pellgre, 


to sing, 
to deceive, 
to drive. 


^ The compounds oocino (i.e. obcano). to sing against, has ocdmm^ 
Gcentum, 

2 The compounds of pello do not reduplicate; as, compel^^.,€ompuii. 
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3. Perfect in -si; Supine in -turn. 


CSmo,i 

compsi, 

comptum, 

comSre, 

to adorn. 

D^mo, 

dempsi, 

demptum, 

dgmSre, 

to takeaway. 

Promo, 

SUrno, 

prompsi, 

promptum, 

promSre, 

to take forth. 

sumpsi, 

sumptum, 

sumgre, 

to take up. 

Temno, 

tempsi, 

temptum, 

temnSre, 

to despise. 

Contemno, contempsi, 

contemptum, 

contemn^re, 

to despise. 

^ The four first verbs are compounded of mo, with the prepositions 

con, de, pro, and sub. 





4. Various Liquid Forms. 


Antecelio,^ 

anteeellni, 

— 

anteeellSre, 

to excel. 

Emo, 

emi, 

emptum, 

emere, 

to buy or take 

Lino, 

levi. 

litnm, 

linSre, 

to smear. 

Perceiio,^ 

percilli, 

perculsum, 

percellSre, 

(to strike 
( down. 

Premo,® 

pressi, 

pressum, 

prgmSre, 

to press. 

PsaUo, 

psalli, 

— 

psallSre, 

^to play on an 
( instrument. 

Sino, 

sivi, 

sustuli, 

situm, 

sinSre, 

to permit. 

Tollo,® 

sublatum, 

tolKre, 

to raise up. 

Velio , 4 

velli or vnlsi, vnlsum, 

vellSre, 

to pluck. 


^ All the compounds of the obsolete ceMo, except percelln^ want 
the supine. 

^ The compounds of premo take i ; as opprimo. 

® Attollo and extollo have no proper perfect and supine, but borrow 
those of affero and effero. 

The compounds may take either form of the perfect 5 but those 
beginning with dte, di, and per usually prefer the velli form. 


F . — Stems ending in the Liquid IL 


Cemo,^ 

crevi, 

cretum, 

cernere. 

to divide. 

Curro,® 

ciicurri, 

cursum, 

currgre, 

to run. 

Fgro, 

G^ro, 

tiili, 

latum, 

ferre, 

to hear, carry 

gessi, 

gestum, 

gerSre, 

to carry. 

Qusero, 

qui^sivi, 

quaBSitum, 

quserSre, 

to seek. 

Acquire, 

acquisivi, 

acquisitum, 

aoquii'Sre, 

to acquire. 

Sero, 

sSrui, 

sertum, 

sSrSre, 

to entwine. 

SiSro,® 

sevi, 

Saturn, 

sSrSre, 

spernSre, 

to sow. 

Sperno, 

sprevi, 

spretum. 

to despise. 

Sterno,^ 

stravi, 

stratum, 

stemSre, 

to strew. 

TSro, 

tiivi, 

tritum, 

tSrSre, 

to rub. 

Uro, 

ussi, 

ustum, 

urSre, 

to burn. 

Verro, 

verri, 

versum. 

verrSre, 

to sweep. 


^ The stem of cerno^ and sterna is cer, sper^ and ster re- 

spectively, the n in each case being the strengthening consonant. In 
the perfect and supine the vowel and the liquid of the stem change 
places, so that we have in these parts cre-vi and spre-vi instead of 
cer~vi and sper-vi ; in sterna the e is, morever, changed into a, as 
stra-vi^ stra-tum, 

2 Compounds of curro beginning with circum^ re, sub, and trails, 
rarely reduplicate the perfect. The others sometimes do. 

^ The compounds have the supine in itum ; as consero, consevi, 
eonsttum. 

* Consterno, when meaning to alarm, is a regular verb of the First 
Conjugation ; but when sigr^ing to throw down follows the forms 
of stemo, thus — constravi, eonstrafum. 


FJ . — Stems ending in S and X. 


Arcesso,^ 

arcessivi, 

arcessitum, 

arcess&'e, 

to send up. 

CSpesso,^ 

eSpessivi, 

ch-pessitum, 

ch.pessSre, 

jto take in 
{ hand. 

Facesso,^ 

Lheesso,^ 

Pono, 

Viso, 

fS,cessivi, 

IScessivi, 

pbsui, 

visi. 

fScessitum, 

IScessitum, 

pbsitum. 

fScessere, 

IScessi^re, 

p 6 nSre, 

visSre, 

to make, 
to provoke, 
to place, 
to visit. 


^ is formed from an obsolete verb, arena, a compound of 

cieOf edpesso, from cdpio; fdeessa, from facia; and Idcesso, from 
Idcio. 

VIL — Sterm ending in U or F. 

Perfect in i; Supine in -turn. 


Abnuo, 

abnui, 

__ 

abnuSre, 

to refuse. 

Annuo, 

annul, 


annnere, 

to assent. 

Acuo, 

Argno, 

Scui, 

Scutum, 

argiitum, 

SenSre, 

to sharpen. 

argui, 

argnSre, 

to prove. 

Congruo, 

congrai. 


congrufire, 

to agree. 

Exuo, 

exui, 

imbtd, 

exutum. 

exngre, 

to put off. 

Imbuo, 

imbUtum, 

imbnSre, 

to soak. 

jfndno, 

iudui, 

indUtum, 

indnere, 

to put on. 

Lftvo, 

lavi. 

Hantum, 

-( letum, or 
Gh,vStnm, 

f iSLvgre or 

C lavarc. 

^ to wash. 


LANGUAGE. 


Luo,-* 

Ini, 


iuSre, 

to atOTUb. 

MStno, 

m^tui, 

— 

mStuSre, 

to fear. 

Minno, 

minui, 

minutum, 

minu&e, 

to lessen 

RUo,® 

mi, 

(ruitum or 
(rUturn, 

rugre, 

to rush. 

Soivo, 

solvi, 

sblutum, 

soivSre, 

to loosen. 

Spuo, 

spui, 

sputum, 

spuere, 

to spit. 

StStuo, 

Sternuo, 

sthtui, 

stStutum, 

stStuere, 

to .set up. 

sternui, 

— 

sternuere. 

to sneeze. 

Suo, 

sui, 

suturn, 

suSre, 

to sew. 

Tribuo, 

tribui, 

tributum, 

tribu&e, 

to distribui 

Volvo, 

volvi, 

voluturn, 

voivgre, 

to roll 


^ The compounds of luo have the supine in -utmi ; as ablitUivt, 
from abluo. 

2 Most of the compounds of ruo have -utum in the supine, as 
dirutum; bnt corrMo, to fall together, and irruo, to rush against, 
want the supine. 


AbSlesco,^ 

FZZ 7 .-. 

abblevi. 

(^erbs ending 

abShtum, 

in -SCO.''^ 

SbSlescere, 

j to grow out 
( of use. 

AdSiesco,^ 

fidSlevi, 

adultum, 

SdSlescgre, 

to grow up. 

OSaiesGO,^ 

cbStlui, 

c 5 S.li turn, 

cSSlescere, 

(to grow 
\ together. 

Goncupisco, 

coiicupivi, 

concUpitum, 

concdpiscere, to de.sire. 

GonvSlesco, 

couvSlui, 

convSlitum, 

corivSlescgre, gf ''^ 



( swong. 

Cresco, 

Exardesco, 

crevi, 

cretum, 

cresegre, 

to gf’ow. 

exarsi, 

exarsum, 

exardescere, 

to take fire. 

ExSlesco, 

exblevi^ 

exblitum, 

exblescere, 

to grow old. 

Glisco, 

— 

— 

gliscere, 

to swell. 

Hisco, 

— 

— 

hiscere, 

’ to gape. 

Nosco,® 

novi, 

notum, 

noseSre, 

to know. 

Pasco,® 

pavi, 

pastum, 

pascere, 

to feed. 

Quiesco, 

quievi. 

quiStum, 

quieseSre, 

(to become 
( quiet, 
to revive. 

RSvivisco, 

revixi, 

revictum, 

reviviscere. 

Scisco, 

scivi, 

scitum, 

sciscere, 

to ordain. 

Suesco, 

suevi, 

suetum, 

sueseSre, 

jto grow ac- 
( customed. 


^ These three verbs are derived from the obsolete verb oleo. 

2 Ag 7 i.osco and cognosco have, in the supine, agnUum and cog- 
nitum. The future participle of nosco is noscUurus, 

2 Compesco, to feed together, restrain ; and dispesco, to separate, 
have compescui and dispescui in the perfect, but want the supine. 

The following verbs are inflected partly of the Tiiird and 
partly of the Fourth Conjugations. 


espio,^ 

cepi. 

captum, 

cSpSre, 

to take. 

Cdpio, 

edpivi, 

cdpxtura, 

cdpSre, 

to desire. 

FScio,^ 

feci, 

factum, 

facere, 

to make. 

FOdio, 

fodi, 

fossum, 

fSdSre, 

to dig. 

Fugio, 

fugi, 

fdgitum. 

fugSre, 

to fee. 

JScio,^ 

jeci. 

jactum, 

jaeSre, 

to throw. 

PSrio,® 

pSperi, 

partum, 

parere, 

to hri^igforth 

QuStio, 

quassi. 

quassum. 

quStSre, 

to shake. 

RapioZ 

rapui, 

reptum, 

rapere, 

to seize. 

SSpioZ 

sapui, 

— 

sSpSre, 

jto taste, to 
( be loise. 


^ The compounds of capio, rapio,Jacio, and .s-apio change a into i; 
as recipio, diripio, abjicio, consipio. When Jacio is compounded 
with a preposition it changes a into i ; as confeio : when with any 
other part of speech it retains the a ; as calefacia. Another clas.^ of 
compounds of facia end in -fico and -Jicor, and belong to the First 
Conjugation; as A'acrI/ico, to offer sacrifice. 

^Some of the compounds of pario have in the perfect; as 
aperio, aperui, apertum, aperlre, to open ; also aperio, to shut, of th^* 
Fourth Conjugation. 

The foregoing verbs in io, viz. capio, rapio, cupio, facia, 
fodio, fugio, &c., and their compounds, belong to the 
Third Conjugation. In these the ^ of the stem of the 
present tense is omitted before a termination commencing 
with i. They retain the i only in those tenses where r does 
not follow, i.e. only in the imperfect indicative (which may 
not be contracted into -iham\ the future indicative, and the 
present subjunctive ; but where either r or no letter follows 

* Such verbs as those ending in -sco are called inceptive or inchaa- 
tive, and denote the beginning of an action. Most of those derived 
from substantives and adjectives want the perfect and also the 
supine. When the perfect does ocenr it ends m-^i; as maturexco, 
mdturui, maturescere. to grow ripe. 
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they take e, Doth in the active and passive voice : as caj?to, 
caperem, capere. So in the passive, cap4or^ -eris^ 
-erer ; and deponents, as pat~ior, -em, ~erer. 

IV. — THE FOURTH oorjugation. 

The regular inflexion forms of^ the perfect and supine are 
^wi and -Itum ; as audio ^ audwi^ audUum^ audlre, to hear. 
The few verbs which follow are, however, irregular. 


Amicio, 

jamiom or 
(amixi, 

amictum, 

arnicire, 

to clothe. 

ApSrio, 

apSrai, 

apertum, 

apgilre. 

to open,. 

Eo, 

ivi, 

itum, 

ire. 

to go. 

Farcio,^ 

farsi, 

fartum, 

farcire, 

to cram. 

Fulcio, 

fnlsi, 

fiiltum, 

fulcire, 

to prop. 

Haurio, 

hausi, 

haustum, 

haurire, 

(to draw 
( (water). 

OpSrio, 

opgrui, 

opertum, 

operire, 

to cover. 

Eaucio, 

rausi, 

rausnm, 

raucire, 

to be hoarse. 

SsBpio, 

ssepsi, 

ssfiptmn, 

ssepire, 

to fence in. 

Salio2 

slilm or sSlii, saltum, 

sSiire, 

to leap. 

Sancio, 

sanxi, 

fsancitum or) 
(sanctum, ) 

■ saiicire, 

to ratify. 

Sarcio, 

sarsi. 

sartum, 

sarcire, 

to mend. 

Sentio, 

sensi, 

sensum, 

sentire, 

(to feel, to 
( think. 

SSp^lio, 

sSpelivi, 

sSpultum, 

sSpSlire, 

to bury. 

Singulto, 

singultivi, 

singultum, 

singultire, 

to sob. 

Veneo, 

venii, 

— 

venire, 

to be sold. 

V^nio, 

veni, 

ventum, 

venire. 

to come. 

Vincio, 

vinxi, 

vinctum, 

vincire, 

to bind. 


^ The compounds take e ,• as refercio, re/erd, refertum, 

2 The compounds of salio take -ui or -ii (for -ivi) in the perfect ; 
as insilio, insilui or insUu^ insultum^ insillre. 

EXERCISE. 

(1) Write out a paradigm of the First Conjugation, using 
for each tense of each mood a different verb, as they are 
arranged in the list of irregular verbs (p. 617). 

(2) Write out three paradigms of the Second Conjugation, 
using for the tenses and moods the verbs in classes 1 and 2, 
3 and 4, 5 and 6 (pp. 517, 518). 

(3) Write out five paradigms of the Third Conjugation, 
using verbs having (1) labial stems, (2) guttural stems, 
(3) dental stems, (4) liquid stems, and (5) reduplicating in 
the perfect. 

(4) Write out a paradigm of the Fourth Conjugation, 
using for each tense of each mood different verbs, as these 
are arranged in the list of irregular verbs. 

Eeading. — Before reading the sentences which follow, 
the student may be informed of these two grammatical 
facts, viz.: — 

(1) When two or more substantives name, describe, or 
refer to the same thing, they agree in case, i.e. they are 
each put in the same case, and are said to be in apposition, 
e.g. Homerus poeta — the poet Homer. 

(2) When two or more substantives come together not 
naming, referring to, or describing the same thing, the one 
which signifies source, origin, possession, &c., of the other is 
put in the genitive case, e.g. Fabula poetse — the story of a 
poet; Horti Cmsaris — the gardens of Cmsar, or CsesaFs 
gardens, &c. 

l. Scieutia rerum bonaram et raalarum est prudentia. 2. Thebse^ 
urbs validissima, BoeotisB caput est. 3. Galliae uua pars continetur 
finibus Belgarum. 4. XJudique, natura loci, Helvetii continentur. 
5. Copia frumenti suppetit. 6. Extremum oppidum AUobrogum 
est Geneva. 7. In hoc monte latuerat, aper mirae magnitudinis. 

1. The knowledge of things good and evil is prudence. 2. Thebes, 
a very strong city, is the capital of Bceotia. 3. One part of Gallia is 
boimded by the territories of the Belgse. 4. On every side, by the 
nature of the place, the Helvetii are hemmed in. 5. Abundance of 
com is laid up in store. 6. The furthest town of the Allobroges 
is Geneva. 7. On this mountain there had lurked a boar of 
wondrous size. 

EXERCISE. 

In the foregoing sentences mark the leading apposite noun 
with a capital A, and its correspondent with a small a, and 
each genitive with a capital G. 

(1) Underline the subjects in the following sentences, and 
note the agreement with the subjects (when required) in 


gender, number, and person of the other words refernn^ 
to them:— 

1. Britannia est patria nostra. 2. Incolse insnlanim agrieolse sunt 
3. Hominum corpora mortalia sunt, animi immortales. 4. Magis- 
trorum opera discipulis utilia sunt. 5. Nemo casu est philosophm 
6. Amicus verus thesaurus est magnus. 7. Helena causa fuit belli 
Trojani. 8. Vita hominis sine literis mors est. 9. Omnium malornm 
stnltitia est mater. 10. Deus solus potest esse architeotus et rector 
coeli et terras. 11. Juno erat Joris soror et conjux. 12. Non 
formosus erat, sed erat facundns Ulysses. 

1. Britain is our fatherland. 2. The inhabitants of the islands 
are husbandmen. 3. The bodies of men are mortal, [their] souls 
immortal. 4. The works of masters are useful to their scholars. 
5. No one is by chance a philosopher. 6. A true friend is a great 
treasure. 7. Helen was the cause of the Trojan war. 8. Man’s 
life without culture is death. 9. Folly is the mother (cause) of 
every evil. 10. God alone can be the framer and governor of heaven 
and earth. 11. Juno was the sister and wife of Jupiter. 12. Ulysses 
was not handsome, but he was eloquent. 

(2) Collect from the foregoing sentences instances (1) of 
the agreement of nouns and adjectives, (2) the government 
of one noun in the genitive by another, and (3) of nouns 
signifying the same thing agreeing in case. 

(3) Arrange the nouns according to their declensions. 

(4) Similarly arrange the adjectives, and decline together 
through both numbers and all cases three nouns with their 
agreeing adjectives. 

(5) Where possible, alter the tenses of the verbs from, 
present into past and future. 

(6) Arrange the sentences in tabular form thus: — 


Adjectives. 

Nouns. 

Verbs, 

Adjectives. 

Nouns. 

Mortalia 

, hominum 
corpora 

sunt 

immortales 

animi 

Verus 

amicus 

est 

magnus 

thesaurus 

Utilia i 

opera 

magis trorum 

snnt 

! 

discipulis 


PHYSIOLOGY.— CHAPTER VII. 

DIGESTION — FOOD AND FOOD STUFFS — THE ORGANS, PRO' 
CESSES, AND ACCESSORIES OF ALIMENTATION. 

Digestion is the process by which food is converted into 
nutriment. Food is required for specific purposes: (1) tc 
replace the continual waste arising from the operation of the 
ordinary functions of the body, (2) to supply warmth, and 

(3) to supply power to be employed in labour, exercise, and 
thought. The alimentary apparatus of a plant, the root, is 
always in close contact with the nourishment it requires, and 
is constantly engaged in absorbing it for the supply of its 
wants. An animal is locomotive, and as it changes its place 
it must receive its alimentary supply into its body, and carry 
it wheresoever it goes, that it may be brought into and kept 
in constant contact with the alimentary apparatus. 

The grand characteristic of animals is their possession of a 
stomach — i.e. a central membranous cavity into which food 
may be received, in which it may be operated upon, and pre- 
pared for being taken up into the circulation, and so distributed 
all over the system. The stomach and intestines constitute 
the digestive apparatus proper, hut several other organs 
which co-operate in various ways to aid it constitute assistant 
factors in digestion. Besides, we have a set of organs for 
preparing the food for the stomach, tearing, bruising, and 
grinding it, and mixing it with fluid, that it may be easily 
swallowed and digested. It will be found most convenient, 
though perhaps it is not most philosophical, to trace the 
processes of digestion successively from the reception of the 
food by the mouth onwards. We will therefore commence 
with the jaws, mouth, and teeth; examine the salivary glands, 
the palate, and the gullet; inquire into the nature of the 
action of swallowing, and trace the food in its passage to the 
stomach. From the stomach we will observe it proceed into 
the small intestines, see how the bile and the pancreatic juice 
mingle with it, and learn how the nourishing parts of it are 
absorbed and carried into the circulating mass of the blood, 
while that part which is useless is expelled from the body. 
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Food cannot nourish the frame unless it be first changed, by 
chemical and vital conversion, into a fluid capable of being ap- 
propriated by and assimilated into the system. Animals differ 
from plants in their method of nutrition. The latter absorb the 
ultimate elements of their nourishment and transform them 
into food; but the former require their food to be, in the main, 
of organized not inorganic substances. Digestion is, in fact, 
the metamorphosis of organic structures into other definite 
elements capable of being employed in the building up of 
new bodily material Food requires to possess, for animal 
nourishment, a certain amount of organic complexity; that is, 
it must have undergone a sort of natural preparation for 
readily entering into and forming part of that nutritional 
fluid which, as a renovating solution, is being constantly car- 
ried through the system — a permeating stream of revital- 
izing energy — in the blood. The elements of human food may 
be regarded as fivefold, viz. (1) cdhuminoids^ albuminates, 
or protein compounds (as they are variously denominated). — 
Aiburninous substances are seen in their types, the wMte of 
an egg and the serum of blood. Mulder gives as the ultimate 
proteic analysis of albumen — carbon, 55 ’48; hydrogen, 7*02; 
oxygen, 22*00; nitrogen, 15*55; phosphorus, 1*55; and sul- 
piiur, 0*40 — total, 100*00. The special uses of albuminoids, 
as food, are the repair of the waste of the tissues of the body, 
the building up of the general frame, the furnishing of force 
for work, and the supplying of heat — though, for this latter 
purpose, they are more costly and less useful than other sorts 
of food. (2) Carbo-hydrates or amyloids , — Hydrates are 
compounds of water, as one of their proximate elements, and 
hydrates of carbon are compounds containing the same num- 
ber of equivalents of oxygen and hydrogen as constitute water, 
together with a certain atomic weight of carbon. Gum, 
starch, and sugar are their ordinary type-forms. In the body 
they are changed into (and are often stored up as) fat. They 
largely aid in furnishing heat and providing work-power. 
(3) Fats . — These are compounds of carbon, hydrogen, and 
oxygen, in or about the following ratios: — Carbon, 79*0; 
hydrogen, 11*4; oxygen, 9*6 — total, 100. Mutton suet and 
hog’s lard may be taken as types. (4) Besides the 

water we drink-— averaging in one form of fluid or another 
from 2 to 4 pints a day — there is a large quantity of water 
in what we eat. Good milk, speaking roundly, contains 80 
per cent, of water; potatoes, 75; veal, 60; beef, 50; lamb 
and mutton, 45 to 50; bacon, 30. In point of fact, the 
greater part of the human body really consists of water. 
(5) Salts , — These are, chemically considered, combinations of 
acids with alkaline or salifiable bases. Sea-salt, or chloride 
of sodium is, of course, the ordinary form in which, as season- 
ing, these appear as adjuncts to food and aids to digestion. 
The proteids are mainly used as formers of the tissues of 
the body, though, as they form, by chemical metamorphosis 
within the body, amyloid compounds, they are also producers 
of warmth. They have sometimes been called essential food- 
^tuffs, while the carbo-hydrates and fats have been classified 
as accessory food-materials, and the salts as requisite ad- 
juncts. The purpose of the digestive apparatus is the reduc- 
tion of these food-stuffs hy minute subdivision or solution 
into such a state that they may be used in the building-up 
or the repairing of the body, and be separated from the 
innutritions material which accompanies them, so that it may 
be cast forth from the structures to which it is useless. 

We cannot get, and even if we could we are unable (as we 
are constituted) to take advantageously as diet, the simple 
elements which form the chief constituents in wholesome 
food as well as in healthy bodies, such as carbon, hydrogen, 
nitrogen, oxygen, phosphorus, sulphur, chlorine, sodium, 
potassium, calcium, magnesium, iron, fluorine, &c. These 
materials are combined into organic preparations suitable for 
human food, and supplied in a state available for conversion 
into tissue and secretions, by the products of the vegetable 
and animal kingdom. Inor^nic matter is elaborated and 
modified into organic matter in vegetables, and these undergo 
special processes, of more subtle elaboration stiH, in the system 
of various anim^, for the purpose of being better fitted for 
being employed in the building-up and conservation of the 
exquisite tissues and wondrous organs of the human body. 
The process hy which these food-stuffs are transformed into 


the mateilal which is woven into the vital fabrics of the frame 
in the factory of life is digestion. 

The laws relating to the nature, properties, and alimentary 
proportions and preparations of food are collected together 
arranged, and explained under the %it\Q Dietetics. Here we 
require only to note that (1) human life cannot be supported 
for any great length of time upon food which is non-nitro- 
genous; (2) that it is only after having been brought under 
those subtle processes which constitute organic function that 
the proximate principles of food are so recombined and modi- 
fied as to be fitted for human subsistence; (3) that a consider- 
able mixture of diet is not only desirable, but essential; and 
(4) that whatever the apparent complexity and multifarious- 
ness of our food may be, its actually nutritive elements are 
few and simple, and, by the operations of the digestive pro- 
cesses, they are reduced to a distinct and definite simple con- 
dition which renders them suitable for assimilation with, and 
appropriation by, the vital energies of the human frame. 

By the uneasy sensation of hunger^ a safeguard against 
the body being permitted to wear out, we are solicited to take 
food. There is an unpleasant sensation produced by want of 
food, amounting at first only to a feeling of emptiness, lassi- 
tude, and indescribable uneasines.s, but gradually getting 
worse until it ends in actual pain. Hunger, like thirst, is a 
call for what is necessary for the system, depending on the 
general state of the body. Natural hunger has always a 
reference to the wants of the general system. 

Thirst is a sensation seated in the tongue, throat, gullet, 
and stomach. It depends on the state of the membrane 
which lines tliese parts, and of the fluids which naturally 
moisten it, and may arise either from a deficiency of fluid 
or from an acrid state of it. It appears to be a monitor 
calling for the dilution of the fluids of the body by drink, 
when the body has been exliausted by perspii’ation and fatigue, 
or when the contents of the stomach require to be made more 
fluid, that the necessary changes of ^gestion may be the 
more easily carried on. The feeling of extreme thirst is 
much harder to bear than that of hunger. 

The mouth is the beginning of the alimentary canal. It 
is a hemispherical cavity, flat in the lower surface and convex 



in the upper. Itsroof is formed by a bony arch. It is shut in at 
the sides and front by the cheeks, lips, and lower jaw, while 
its floor is occupied hy the densely interwoven muscular or^n, 
the tongue. In the illustrative figure here shown, the right 
half of the lower jaw has been removed, bringing the bag of 
the pharynx into view. The yharynx is a conical bag which 
hangs down at the back part of the mouth, and leads into the 
gullet or oesophagus, marked g. The nose communicates with 
it from above, as is shown by a piece of whalebone w., passed 
through the nostrils into it. TMs arrangement enables us to 
breathe almost equally well by the nose or mouth; though 
sometimes, if we be taken by surprise with a fit of coughing 
while swallo'wing, the contents of the throat make their exit 
through the nose. To prevent this from occurring constantly, 
there is a curtain, the soft palate c, placed at the back of the 
mouth. We can see this on looking into a mirror. It rises or 
falls according to the necessity for its being applied either 
above or below, A long red tassel the uvula, hangs down from 
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the centre of it, nearly touching the top of the tongue. It is 
endowed with great sensibility, and warns the curtain to rise 
whenever food comes into contact with it. When food is 
undergoing mastication, it is rolled about in the mouth and 
mixed with saliva, till it forms a kind of ball This ball or 
holus when it gets to the back of the mouth, between the 
arches of the palate, excites an irresistible tendency to swallow. 
The curtain then rises, so as to prevent any of the moist food 
passing up into the nose; the tongue rises against thereof of 
the mouth, to keep it from getting forward again; and thus 
the only course left for it is to pass down into the gullet, 
in doing which it pushes down the valve v of the windpipe. 
The food does not into the stomach — a man can swallow 
nearly as well when standing on his head as on his feet. This 
will be understood if we remember that the gullet is composed 
of a number of membranous rings. When one ring contracts, 
the food passes on into the next; then the second contracts, 
and squeezes it down into the third; wdiile the first being 
still contracted, prevents it from getting up; and so the pro- 
cess goes on, regularly downward, until the food reaches the 
stomach. In vomiting an action precisely the reverse of this 
takes place — the food is from the stomach into 

the mouth, although so rapidly that its passage seems almost 
instantaneous. The downward movement is peristaltic^ the 
upward anti-peristaltic. 

The tong^ie has a muscle originating in the back of the 
chin, and radiating through it forward, upward, and backward. 
By its aid we can protrude the tongue, turn it upward, 
downward, or to either side, render its surface convex, or 
make it hollow to serve for a conduit, as in drinking. Three 
pairs of muscles actually form the substance of the tongue; 
and not less than six pairs more aid in its motions. The 
whole inner surface of the mouth is lined with soft mucous 
membrane, which pours out a 7imcus from its surface to i 
{ubricate it, to protect it, and to assist the food to slide easily 
through it. 

Six glands supply saliva to be mixed with the food. Two 
very large ones lie beliind the ear, in the hollow between the i 
lower jaw and the temporal bone, so that the motion of eat- | 
ing squeezes out their contents. Their ducts run forward in 
the cheek, and perforate the mouth opposite the second last 
tooth in the upper jaw, where, with the tongue, a small soft 
projection may be recognized. Two others lie on each side 
under the tongue, having a common duct, wMch may be seen 
opening on the fold of the membrane that bridles down the 
tongue. The tonsils lie just beyond the little tassel. They 
are of the size and shape of an almond, and secrete mucus 
from many little pits on its surface to moisten the throat. 

The teeth are employed to cut and comminute the food. 
They are the hardest parts of the whole body. In the adult 
they are thirty-two in number, eight upon each side of each 
jaw. They are of four different kinds. In front there are, 
on each side, two incisors or cutting teeth, whose edges are 
like that of a chisel; next there is one eye-tooth, which is 
pointed; thirdly, there are two small grinders; and lastly, 
there are three large grinders. The teeth in the two jaws do 
not exactly meet; the cutting teeth of the upper jaw over- 
lapping those of the under, while the grinders just face one 
another. 

The passage of food through the pharynx and the gullet 
is accomplished very quickly and easily, the vermiculate 
motion operating in general with regular alternations of 
action. The oesophagus passes through the thorax, pierces 
^•.he diaphragm, and after entering into the abdomen opens 

into the stomach at the 
r a cardiac orifice, which is 

/ situated on the side near- 

'9k heart. When the 

■ ' cxtremity of the oesopha- 

gus Goptracts, it projects 
contained in it 
into the stomach, and the 
orifice, for the time being, 
closes. 

The stomach is a bagpipe-shaped expansion of the aliment- 
ary canal, the large end of which is situated on the left side 
of the abdomen, immediately beneath the ribs and the dia- 


phragm, while the small end underlies the liver at the hollow 
which is familiarly known as ‘Hhe pit of the stomach.” It is 
bent on account of its passing across the spine, the concave 
part being directed backwards and the convex forwards. 

The parts of the stomach have received the following 
names; — (1) The lower, i.e. the outer hemispherical surface, 
the greater curvature; (2) the upper, hollow, dependent, bay- 
like portion, the less curvature; (3) the left circling sweep, the 
cardiac extremity; and (4) the inner, right-hand, narrower por- 
tion, the pyloric extremity. The stomachic movements proceed 
from the cardiac gateway round the great curvature to the 
pyloric valve, and then across the less curvature towards the 
cardiac sweep, whence it is again, in a smaller circuit, re- 
mitted to the intestinal opening. This is done to secure ar 
equal opportunity for the entire contents to be wrought upon 
and brought under the influence of the solvent juices of the 
stomachic cavity. See fig. 1, Plate XIII. 

The coats or walls of the stomach are fourfold — (l)a tough 
outer fibrous-tissued coat, forming a strongly interwoven 
sack-like protective and inclosing investiture ; (2) a coat of 
smooth powerful involuntary muscular fibre, constantly, under 
the excitement of food, contracting with a circuitous motion 
by which the fluid masses within are passed along in a 
systematic manner round the whole internal surface of the 
food-satchel, that it may be thoroughly emulsified, mixed, and 
reduced to a uniform cream-like pulp. The (esophagus enters 
the greater, splenic, or left side of the stomach, and the 
pylorus, which forms the outlet to the small intestines, lias 
its place at the smaller or right end. These two orifices are 
upon the same level, so that the food cannot flow out of the 
stomach, but can get out of it only by pressure, arising from 
the contraction of its coats. These are muscular, as indeed 
are the coats of the whole intestinal canal. They are 
particularly strong at the smaller end, where they form a 
ring, which contracts so as completely to close the communi- 



cation between the stomach and intestines. The stomacli is 
lined with a velvety mucous membrane, similar to, and con- 
tinuous with, that which lines the mouth and gullet. This 
membrane is full of minute bloodvessels, from which a 
mucous fluid is poured, which serves at once by mingling 
with the food to assist &gestion, and to protect the coats of 
the stomach from injury. Accordingly, whenany irritating sub- 
stance is swallowed, a larger quantity of mucus than usual is 
immediately poured out, which envelops it and prevents, as far 
as possible, such evil consequences as might otherwise ensue. 
Besides this mucus another fluid is secreted in the stomach 
by its coats; it is called the This is a clear 

ropy fluid, of a saltish taste, possessing the power of dissolv- 
ing all substances which are fit for food. It has no solvent 
effect, however, on the living stomach. 

iiter a meal the stomach becomes agitated by a constant suc- 
cession of graduated muscular contractions, which turn the food 
gently from the left side to the right, and back again, churn- 
ing it and mixing it all well together, so that it acquires very 
much the appearance of gruel, the different aliments that 
have been swallowed becoming so blended as to form a homo- 
geneous mass of a grayish colour. It is over and over again 
turned backward and forward for three hours or more, until 
the delicate sense which resides in the pyloric orifice is satis- 
fied tto it is in a fit state to be passed on. The constricted 
sphincter ring or pyloric valve then opens to let it proceed. 
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and it passes into the intestinal canal. Such is the delicacy 
of perception with which this outlet of the , stomach is 
endowed, that it will not suffer undigested food to pass until 
it has been rolled about in the stomach for many hours — 
presented to it again and again, and rejected many successive 
times. Indeed it often refuses to allow such food to pass at 
all, and then it must be summarily ejected by vomiting. 
It is in this organ that the first of these chemical changes 
takes place which fits the matter swallowed as food for being 
received into the tiuids of the living body, and for becoming 
a component part of its tissues. The gastric juice acts on 
the triturated semifluid mass, gradually dissolves the diges- 
tible part, and, entering into union with it, produces a new, 
thick, turbid fluid, which bears the name of chyme. 

The mtestines form a membranous tube nearly six times the 
length of the body, about five-sixths of this length belonging 
to the small intestines, and about one-sixth to the large. 
Tins membranous canal is convoluted into various folds, 
carefully packed, and effectively kept together by the dupli- 
catures of the peritoneum, called the mesentery or inter- 
intestinal laminae, by which the viscera are attached to the 
vertebrae, and the nerves and vessels of the lower digestive 
apparatus are supported. Although they really constitute 
one continuous tube, they are naturally divided into the 
smaller and the larger intestines, and for convenience’ sake 
its various parts receive names denotive of their difference in 
figure, use, direction, &c. The first division of the smaller 
intestines is the duod&ivum (from its being about 12 inches 
in length). It receives the food- mass which has undergone 
stomachic digestion on its issue from the pyloric duct, and 
into it the contributions of the liver and the pancreas towards 
cliymification — the bile and the pancreatic juice — are poured. 
The second portion is ihQ jejunum — because, as the absorption 
of the nutritive portion of the food is principally efiected in 
it, it is oftener found empty than the other parts; and the 
third portion, the ileum, which presents a folded appearance 
and is closed by the iieo-csecal valve, which guards the gateway 
of the smaller into the larger intestines. Of the larger 
visceral tube, the first part is named the csecum, a contracted 
expression iox cay^ut ccecum coU, “the blind head of the 
colon.” It is the rounded end of the larger intestine. It 
lies on the right side of the abdominal cavity. The ascend- 
ing colon passes upwards from it; then, as the transverse 
colon, making a sudden turn at a right angle, crosses to the 
left side of the body, where, bending backward and turning 
down, it proceeds as tiie descending colon along the left side, 
and is continued by the rectum. In fig. 1, Plate XIII., the 
whole course of the alimentary canal may be easily traced 
by attending to the explanatory lettering, and this repro- 
duction of the appearance of the abdominal viscera will 
convey a more adequate idea than almost any amount of 
description expressed in any other tlian strictly technical 
language. The small intestines are the canals into which the 
chyme is received as it flows from the stomach; and, when 
digestion is completed, the large intestines serve chiefly 
as receptacles for the refuse which is intended to be expelled 
from the body. 

In Plate XIII. there are shown some other typical stomachs 
—those of a sheep (figs. 2 and 3), and that of a fowl (fig. 4). 
Here we see four cavities: — 1, the paunch (j'umen)^ a large 
hollow at the cardiac (heart) end, into which the grass, &c., is 
thi'ust half chewed; 2, the honeycomb {reticulum), so called 
from its surface being dimpled with rouglily hexagonal pits, 
which probably moisten the food delivered to it by the 
paunch. In the camel much water is retained in the ex- 
tremely deep depressions of the second stomach, enabling 
the animal to exist in the desert, &c., for many days without 
drinking. Fj'om the reticulum the food is regurgitated into 
the mouth in a bolus, or cud, which the animal slowly chews 
until it is completely insalivated, when it is swallowed and 
passed, not into the paunch, hut along a deep groove, the 
lips of which now close to form a tube leading into, 3, the third 
stomach, the manyplies {psalterium or omasvm). The mucous 
membrane of the third stomach is arranged in thick longi- 
tudinal folds, so that a large surface is packed into small 
compass. After undergoing certain not well -ascertained 
changes in the psalterium, the food finally reaches, 4, the 



reed or rennet, the true stomach (abomasum), narrow and 
elongated, with a much more vascular mucous membrane 
secreting the gastric juice, and fulfilling the function of true 
gastric digestion. 

The function of mastication is performed in birds by the 
stomach, the gizzard receiving the stored and soaked con- 
tents of the crop, and grinding them between its powerful 
muscular walls with their dense horny epithelium, aided 
too by small stony 
particles, which the 
bird takes care to 
swallow from time 
to time. The dila- 
tation of the tube 
before the gizzard, 
called the second 
stomach, provides 
the gastric juice in 
birds (see fig. 4). 

In the annexed j 
diagram the small i 
intestine of man is 
seen commencing 
from the smaller or 
right (i.e. the py- 
loric) end of the 
stomach, and pass- 
ing to the right side. 

It lies close below 
the liver, and turn- 
ing downward, re- 
ceives from it the 
gall-duct, and from the pancreas the duct bringing its secre- 
tion, so that these fluids may mingle with the food; then, 
going across the spine to the left, it twists and forms a great 
number of convolutions which lie chiefly in the central parts 
of the abdomen, and finally terminate on the right flank in 
the large intestine. In the drawing, the convolutions are 
not represented exactly as they are in the living body, but 
as separated and spread out in order to render the plan of 
their turnings and twinings more distinct. The small in- 
testine is not represented by more than half its proper length, 
otherwise the numerous convolutions would have made the 
whole figure quite confused. The entfle intestine is lined 
with a continuation of the velvety membrane which coats 
the stomach, and is constantly moistened by a similar mucous 
secretion. The thickness of the bowel is formed of muscular 
fibres, arranged in two 
layers, as seen at the left 
end of the figure. The 
outer layer is longitudinal, 
and the inner circular. 

When these fibres contract, 
their effect is to narrow the 
bowel, as in the middle of 
the figure, and, at the same 
time, to draw upward to the contracted part the portion nexi 
further down, over the contained food, as one draws a stocking 
up over the foot that is pushed into it. The effect of the 
gradual and generally uniform contraction of these fibres, 
almost in the manner of a bunch of earthworms creeping 
through among one another, is to propel the food downward. 
The name of vermicular motion has been given to it owing 
to this resemblance. The gall-ducts enter the small intes- 
tine about 6 inches after it leaves the stomach; and 
the moment the bile mingles with the chyme a chemical 
change takes place, and the separation of the nutritious 
parts from the refuse begins. A creamy-looking white 
fluid appears on the surface of the food, next to the 
mucous membrane, and is sucked up by an infinity of small 
vessels called the absorbents. The obvious advantage of the 
great length of the alimentary canal is, that it affords oppoi - 
tunity for every part of the food to be turned about, and 
successively presented to the mouths of the absorbent vessels, 
so as to have its nourishing particles fully taken up and 
utilized. The matter in the intestinal canal therefore be- 
comes gradually thicker and drier in its passage downwards. 
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and is stained of a yellow colour from the admixture of 
bile &c. until it gets into the large intestines, where it puts 
on the character of faeces — elfete or useless matter. 

The large intestine is seen to commence by a blind end, 
into the side of which the small intestine opens. A valve is 
here placed to prevent the regurgitation of fmcal matter into 
the small bowels; and in this it always succeeds unless the 
force exerted to overcome it be very considerable. A curious 
appendage, about the size of a large earthworm, is seen 
hanging from the blind pouch at the end of the large 
intestine. From tliis blind pouch the ascending colon passes 
upwards on the right flank, crosses over the body, under the 
name of the transverse colon, just below the stomach, de- 
scends again in the left flank, forms a twist like the letter 
S, and then turns into the pelvis to open outwardly at 
the anus, the outward opening of the tube. 

The nourishing part of the food, the chyle, is absorbed 
from the intestines by an infinity of small absorbent 
vessels, shown in fig. 5, Plate XIII. Their structure is very 
like that of veins, being provided with valves, wliich 
give them a knotted appearance, and which prevent the 
Said they convey from taking a retrograde course. They 
are not more than the thirtieth of an inch in diameter, and 
ai-e so transparent that they are not visible when empty. 
After a full meal these vessels are seen in great numbers, 
filled with a white milky fluid, whence they receive the name 
of lacteals (Lat. lac, milk). These vessels unite at the right 
side of the spine into a pipe about the size of a goosequill. 
which at length, by the thoracic duct, pours its contents, con- 
taining all the nourishment of the body (except the watery 
parts, which are taken up by the lymphatics) into the great 
vein of the upper part of the body, at the junction of the 
neck with the shoulder. This renewed fluid is poured, as we 
have said, into a vein, not into an artery, in order tliat it 
may be exposed to the air in the lungs, along with the 
current of the venous blood. This process completes its 
change into blood before it is circulated over the body. 

The set of vessels which, from their absorption of lymph, 
are called lymphatics, are very difficult to discover, be- 
cause the fluid which they convey is not milky, but 
transparent. The lymph is poured into the thoracic duct, 


I and is mixed with the blood in the veins, so that 
I afterwards both may be conveyed to the heart, be driven 
I thence through the lungs, there to receive that supply of 
I oxygen which shall transform the entire material into fresh 
i and healthy blood. The lymphatics and lacteals are included 
; under the common name of absorbents. Both pass through 
' glands, which are roundish bodies about the size of hazel 
nuts, in which the absorbents subdivide and reunite, appar- 
ently for the purpose of mixing thorouglily the lymph and 
' the chyle together before they pass into the thoracic duct. 
The thoracic duct is the main-trunk tube of the lymphatic 
system by which the limpid lymph and fluid chyle are con- 
veyed into the circulation. It is from 18 to 20 inches in 
length, has its commencement in the abdomen opposite the 
second lumbar vertebra, and, passing through the diaphragm, 
rises through the chest to the neck, and joins the subclavian 
vein at an angle formed by its junction with the jugular 
vein. 

I The whole of the convolutions of the intestinal canal are 
i covered with a thin shining membrane, called peritoneum, 
which also lines the muscular walls of the abdomen. It is 
of the same nature as the membrane which lines the chest, 
covers the lungs, and surrounds the heart. Its smooth 
polished surface is evidently intended to permit the constant 
gentle motions of the bowels to go on easily, without our 
being at aU sensible of them. This surface is kept moist by 
a thin liquid, called the peritoneal fluid, which occupies the 
; interstices of the abdominal viscera, and fills up the entire 
I cavity which the peritoneum lines. Thus all the spaces 
i caused by the movement of the intestines, or by any altera- 
I tion in the size or situation of their contents, are, as they 
; occur, filled up, so that all the organs and contents of 
I the abdomen are kept fitted exactly to one another, and 
i packed with co-adaptive nicety. Indeed, it allows everything 
I to lie in the smallest possible space, at the same time that it 
I permits, on the slightest increase of pressure or bulk, such 
changes in space and place as may accommodate entering, 
moving, or emerging materials. It also supplies a fine gentle 
lubricant for those interstices which move upon each other, 
and provides a counter-pressure for that of the external 
atmosphere. 


Tabulae View of the Physiology of Food and Digestion. 


The Constituents of Food-Stuffs are 


i. Jproteids, or 
ilbuminoids. 


1. Albumen. 

2. Fibrin. 

3. Syntonin. 

4. Gasein. 

5. Glutin. 

6. Gelatin. 

7. Chondrin. 
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1. Oeganio. 


ii. Carbo-hydrates, 
or Amyloids. 


1. Starch. 

2. Sugar. 

3. Dextrin. 

4. Gum. 

5. Lactic acid. 

6. Acetic acid. 
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II. Inoeganio. 


iii. Oleaginous matter, 
or Fats. 

1. Lippyl 

2. Stearine. 

3. Margarine. 

4. Elein. 

5. Glycerin. 

6. Cholesterin. 


i. Water. 


1. Hydrogen. 

2. Oxygen. 

3. Carbonic acid. 

4. Ammoniacal salts. 

5. Sulphate of lime, &c. 


ii. 

1. Phosphorus. 

2. Sulphur. 

3. Potassium. 

4. Chloride of sodium. 

5. Calcium. 

6. Magnesium, 

7. Fluorine. 


The Processes of Digestion are 


1. Preliminary — 

(1) Prehension, reception 
of food. 

(2^ Mastication, chewing. 
(3) Insalivation, mulsifying. 


2. Essential — 

(4) Deglutition, swallowing. 

(6) Chymification, or gastric 
digestion. 

(6) Chylification, or intestinal 
digestion. 


3. Resultant — 

(7) Absorption, application to 

nutrition. 

(8) Defecation, dismissal as 

useless. 


1. The mouth, including 
teeth, tongue, salivary 
glands, soft palate, 
uvula, and epiglottis. 


The Organs in Digestion are 


2. The pharynx, 

and 

3. The oesophagus. 


4. The stomach, in- 
cluding the^as- 
tric follicles. 


5. The intestines, duo- 
denum, jejunum, 
ileum, caecum, co- 
lon, and rectum. 


6. Auxiliaries, including 
liver, spleen, pan- 
creas, gall-bladder, 
lymphatics, lacteals, 
and mesentery. 
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BOOK-KElPma.— CHAPTER YI. 

THE LEPGER — ITS RtriillTG — ITS ENTRIES — ANE HOW TO 
OPEN ACCOUNTS IN IT. 

Dr. Samuel Johnson long ago remarked that the counting- 
house of an accomplished merchant is a school of method, 
where the great science may be learned of ranging particulars 
under generals, of bringing the different parts of a transaction 
together, and of showing, at one view, a long series of dealing 
and excliange.” It is this method which enables any trader 
to regulate and control his business, however simple or intri- 
cate it may be, on principles at once intelligent and straight- 
forward; and only by a proper knowledge and practical 
application of the scientific art of book-keeping is it possible 
-—using another phrase of the Doctor’s — “ to preserve a multi- 
plicity of affairs from inextricable confusion.” Book-keeping 
is a historical record of such mercantile transactions revised 
and corrected. Of this, the Ledger may be regarded as 
the memoria technica — ^a classified key to the details of the 
business of which it is the record. It is an ever-ready, 
always at hand, and permanent statement of business details 
—the final depository and registration of every entry in a 
merchant’s books. 

Pollowing the analytical method hitherto pursued in this 
series of instructions, in which an endeavour is made to supply 
a clear, exact, and easily understood statement of the nature, 
uses, peculiarities, and purposes of each book, prior to giving 
an exhibition of the whole all harmonized into systematic co- 
operation, we proceed to set forth, in descriptive detail and 
with examples, an account of this last and supreme book of 
the series employed in the methodical registration of mercan- 
tile accounts. 

The Ledger (Italian legdre, to bind, tie, or pack up) is a 
counting-house book in which are contained classified accounts 
of all the articles dealt in by any given trader — under head- 
ings bearing the general name of property accounts — and of 
all the personal accounts which have been entered into by 
or with any trader, in the course of business, detailing the 
monetary results of the transactions which have taken place 
between the trader and those with whom he has dealt or who 
have dealt with him. The ordinary derivation ascribed to 
the title of this book is that it has its root from the Dutch 


legger or Middle English Uggen, from Saxon to Ik 
and that it indicates that this book is one which lies about 
the counting-house. We doubt much if, in point of fact the 
Ledger of any merchant is allowed to lie about the counting- 
house, however much it may be in use, and the foregoinc? 
derivation seems to be much on a par with the jesting defiiiE 
tion attributed to Sir Henry Wootton of a leiger or reddeni 
ambassador, as one who lies abroad for his master ” As 
the Ledger comes to us as part of the Italian system of book- 
keeping — though it probably reached us from the Nether- 
lands — it appears more natural to seek the original of the 
name in the language of the inventors of the thing. Now the 
Ledger is the most important of all the business books. It 
contains an abstract of aU the entries made in the other 
books. Its special characteristic is the methodic form in 
which the different accounts are presented. “ The Day-book,” 
as has been said, ‘‘ bears a resemblance to a packsheet, 
which is taken to a fair whereinto the goods are put pro- 
miscuously, just as they come to hand.” following out the 
same analogy, we might compare the Ledger to a shop, in 
which, by a judicious arragement of shelves, boxes, and 
drawers, the same goods are assorted, marked at trade and 
selling prices, and arranged in regular order for sale, and to 
be duly accounted for either by their being in possession, or 
represented by money or the good credit of a known customer. 
It is this idea of classified and assorted packing, of arranged 
incorporation and combination, of systematic bringing and 
fastening together which legdre puts before us in the word 
Ledger — unless, indeed, we accept a simpler root of it, and 
deriving it itom leggere, to read, we regard the Ledger as that 
book wherein the history of a business may be read. This 
derivation answers not only to the definition, but to the 
design of the Ledger, which is, as the principal book of account, 
that book in wMch a clear and distinct statement of all the 
business facts relative to any property or person with whom 
or regarding which any trade transactions have been car- 
ried on. 

Two things specially require to be learned regarding the 
Ledger. The first and simplest is the form in which it is pre- 
pared— in other words, the manner in which it is mled^te, 
arranged in columns and spaces. Of tliis the following short 
specimen may, for the present preliminary purpose, suffice:— 


June!28' To Cash, 7s. per yd., 22 pieces, 
Julyj 5} “ Willis & Co., 8s. 4d per yd., 
“ !16; G. Hardy, 3 a 8^(f. per yd., 
j27| Kerr & Co., 95. 2d per yd., 

“ j30| Johns Bros., 85. 3d per yd., 

“ |81| “ Profit and Loss — gained, . 


£ s. 

D. 

1888. li 

123 4 

0 

July 1 

11413 

4 

“ 3 

96 8 

4 

“ 30 

6616 

8 

u 

196 7 

0 

“ U 

126 1 

2 

HI 

71810 

6 



Sundry account, 10 pieces, 
Sales, 95. 2d, 

Sales, IO5., 

Sundry account, IO5,, 

Sales, 45., 

Sundry account, 45. 6d, 
Sales, 45. 6d, 

Sundry account, iOs., 
Sundries on hand, 344 at 3s 
3s. 8^d, 138 at 8s. 3d, 



F. 

£ 

B. D. 

190 yds., 

16 

95 

0 0 

162 


81 

1 0 

238 

27 

109 

u « 

100 “ 

27 

60 

U; 0 

138 “ 


69 

01 0 

172 “ 

27 

.34 

8i 0 

172 ' 


38 

14! ''0: 


■28 

72 

Oi 0 

24 “ 


12| 

:':0kh. 

4d, 200 at 


152' 

■■■::6,|iq' 



713 

10 6 


The column-lines are usually executed by the paper-rulers, 
according to a pattern furnished either by the merchant 
himself or by his chief clerk, in the case of any peculiarity 
being required, and, when this is not the case, is found pro- 
perly done in the ordinary mode of ledgers. The student 
should observe (1) that the accounts in the Ledger are arranged 
on the usual principle in all mercantile books — ^viz, with a 
Dr. and Cr. side. There is next, on each side, columns for 
the name of the month and the day of the month, a space 
for the specific entries, a small column for the foKo of the 
Journal (or other book) from which the entries have been 
transferred, and lastly the usual money columns. These are, 
of course, added up and balanced at special periods in the 
manner shown above — where the difference between the Dr. 
and Or. sides of each account in the Ledger is called the 


baianct of that account, and is transferred ultimately to the 
balance sheet. 

In some, especially retail, businesses the sides of each 
account in the Ledger contain a double set of money 
columns — one for extending, i.e. carrying out, the sums of 
the Dr., the other for extending the sums of the Or. sides. 
Opening an account in the Ledger signifies technically, 
%.e. in the book-keeper’s sense, to enter an accounts’ title, 
for the first time, in the book. When this requires to be 
done, the title — whether of a property or of a personal 
account — is to be written in a bold legible style of hand- 
writing at the head of the space [to be] allotted to the account, 
which is generally proportioned to its (estimated) importance. 
As each account in the Ledger ought not only to be easily 
seen and read, so it should also be able to be readily referred 
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CO. Therefore, to every Ledger an index is attached, into 
which, as soon as any account has been opened in the Ledger, 
the title of that account requires to be entered in the 
alphabetic order of the first (or otherwise the most important) 
letter of the title, together with the number of the page in 
which the account has been “opened.” The several entries 
belonging to that account are then transferred from the Day- 
book Journal, or other book in which the transaction to be 
recorded appears, as they arise. This bringing of each entry 
into its proper place, under its appropriate heading or title 
in the Ledger, is technically called posting^ of wliicb more 
shall be said hereafter. 

If it should happen that any account fills up the page 
(or space in a page) allotted to it when “opened,” the 
summation of each side should be made and noted at the 
foot, the title should then be written out on a new page 
(or part of a page), the number of that page should be 
inserted in the index, and on the Dr. side of the fresh 
account should be written — To amount brought forward 
from folio [giving the number of the page from which it is 
transferred] so much; and on the Or. side — By amount 
brought forward from folio [giving, as before, previous pagin- 
ation and summation found thereon]. 


GEGMETEI.— CHAPTER VL 

THE AXIOM REQAEDING PARALLEL LINES — THE OOOENOV 
OP CONVERSE PROPOSITIONS. 

Converse propositions are not necessarily true. They require 
to he demonstrated to be trustworthy. Euclid always proves 
the truth of any converse proposition he employs. He has 
laid down this statement as an axiom — the tioelfth — “ If a 
straight line meet two straight lines, so as to make the 
two interior angles on the same side of it, taken together, 
less than two right angles, these straight lines, being con- 
tinually produced, shall at length meet on that side on 
which are the angles which are less than two right angles.” 
An axiom is a fundamental truth beyond which the 
mind cannot reach, and which it is compelled to accept 
and rely upon as a principle which must be assumed in 
reasoning. It cannot be proved because it is, if the terms of 
it are understood, simple, self-evident, and seen intuitively to 
be true It is not easy to regard Euclid’s axiom as clear, 
comprehensible, and free from difficulty. It requires to be 
explained that it may be intelligently accepted by the mind. 
A straight line is length conceived of as proceeding in un- 
deviating sameness of direction. Two straight lines which 
are such that, however far they proceed, they can never meet, 
can in no part of their course ever come nearer to each other, 
for if they did approach one another they must ultimately 
meet. Leslie, who regards Euclid as having “ endeavoured 
to evade the difficulty [of defining parallel straight lines] by 
styling the fundamental proposition an axiom,” provides in 
his Book I. Proposition 24, a proof that “ parallel lines are 
equidistant [from one another], and [that] equidistant straight 
lines are parallel.” This is what Euclid really meant by Ms 
axiom, “that two straight lines meeting in a point cannot 
both be parallel to one and the same third straight line” — 
their characteristic being that they have no inclination to- 
wards one another. 

It is as a foundation for what he has to prove regarding 
parallel lines that Euclid requires the twelfth axiom, and the 
seventeenth proposition is given by Euclid to safeguard and 
define his axiom, and to show us exactly how much we re- 
quire, in that axiom, to assume as true. Almost all geometrical 
theorems really arrange themselves into quaternions or groups 
of four : (1) the theorem itself, (2) its opposite or contradic- 
tory, (3) the converse of the original theorem, and (4) the 
converse of its opposite. Now it has been found by the most 
observant reasoners that if a proposition and its converse are 
both proved to be true, the contrary proposition is necessarily 
true as well. Hence, Euclid indirectly proves his axiom by 
proving that if two straight lines which are cut by a third 4o 
meet, the two interior angles are less than two right angles; 
for in proving this he proves the contrary proposition, that if 
two straight iines wMch are cut by a third do not meet, the 


two interior angles are not less than two right angles, which 
again yields its converse — if two straight lines wMch are cut 
by a third make the two interior angles less than two right 
angles, these lines, if produced far enough, do meet, and that, 
of course, as the axiom puts it, on the side on which those 
angles are which are less than two right angles. 

Euclid having in the previous theorem made partial pro- 
gress towards the demonstration of the interesting, important, 
and most useful theorem presented in Proposition 32 — a 
theorem which enters into almost every geometrical investi- 
gation and many of those scientific inquiries which are based 
on geometric truth— -saw an important corollary to that the- 
orem wliich gratified him ; and though it seemingly interrupts 
the systematic sequence of his EiemenT.>, he carefully sets 
down this landmark in the theory of parallels as 

Proposition XVII. 



Any two angles of a triangle are together less than two 
right angles, ‘ 

^ Let A B C be a[ny] triangle; any two of its angles together 
li.e. the sum of any two of its angles] siiail be less tlian 
two right angles. Produce any 
side of it, say B 0, to D. Then 
(1. 16) A 0 D is the exterior angle 
of the triangle ABC, and it is 
greater than the interior and op- 
posite angle ABC. To each of 
these angles add the angle A C B. B ^ 

Then the angles A C D, A C B, 
are greater (Axiom 4) than the angles A B C, A C B. But 
A C D, A C B are together (I. 13) equal to two right angles ; 
and hence ABC, A C B are together less than two right 
angles. In the same manner it may be proved of any other 
two angles of the triangle ABC, that they are together less 
than two right angles. Q.E.D. 

The student should construct and work out fully the proof 
of the theorem in regard to the other two angles — extending 
A C, say to a point E, A B to a point P, and so on. 

Here is another form of demonstration. Bisect B C in D. 
Join AD and produce it to E, so as to make A D and D E 
equal; then join CE. Be- 
cause A B D, E C D, have 
their sides A D, D B, equal to 
D E, D C, by construction, 
and their included (vertical or 
opposite) angles (1. 16) equal, ^ 
therefore the two angles ABC, “ 

A 0 B, taken together, are 
equal to the two angles E C D, 

ACB, taken together; that 
is, to the whole angle ACE. 

But this angle ACE— be- 
cause any single angle of a triangle is less than two right 
angles (I. 13 and 14) — is less than two right angles. There- 
fore, the angles ABC, ACB, which are equal to it, are less 
than two right angles. The same may be shown regarding 
the remaining angles. Therefore, any two angles, &c. Q.E.D. 

Prom this proposition it is manifest: (1) that the angles at 
the base of an isosceles triangle must be acute angles, and 
(2) that if one angle of a triangle is right or obtuse, the other 
angles must be acute. It could, besides, be demonstrated 
from tMs that any two external angles of a triangle not 
vertically opposite to each other, must be together greater 
than two right angles. 

We can now also take a further step towards the proof of 
Euclid’s twelfth axiom by showing its contrary more clearly — 
namely, that ^ a line, meeting two other straight 

UneSy makes the two interior angles on the same side of it 
7 iot less than two right angles, these lines shall never meet 
on that side if produced ever so far, 

Por, if it be possible, let two straight lines meet wMch 
make with another straight line the two interior angles on 
the same side not less than two right angles; then it would 
follow that these three straight lines formed a triangle, two 
angles of which are not less than two right angles — which we 
have just shown in the foregoing proposition is absurd and 
impossible. 
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It would also follow from this theorem that tioo straight 
tines ^ which are both ‘perpendicular to the same straight line, 
are parallel to each other. 

'The eighteenth and nineteenth propositions are the con- 
verse one of the other. They should be studied in connection 
with the fifth and sixth, the reasoning of which they follow, 
and the truths contained in which they extend and complete. 
The former is direct in its demonstration, the letter is in- 
direct. Care requires to be taken not to confuse the one 
with- the other. 

Peoposition XYIII. 

The greater dde of every triangle is opposite to the greater 
angle [i.e. has the greater angle opposite to it]. 

Let x4.BC be a triangle of which the side A B is greater 
chan the side A C; then the angle A C B shall be greater tlian 
the angle ABC. The side A B is 
A greater, by hypothesis, than the 

side A C. Make A JD equal to 
A C. Join 0 B. Being the angles 
\ at the base of an isosceles triangle 
B (I. 5), A B C is equal to A C B. 

But as the side BB of the tri- 
angle C B B is produced to A, the exterior angle A B C is 
greater (I. 16) than the interior and opposite angle B B C or 
ABC. Therefore the angle A C B, and much more the 
angle A C B, is greater than ABC. Therefore the greater 
side, &c. Q.B.B. 

Pboposition XIX. 

The greater angle of every triangle is subtended by the 
greater dde {i.e. has the greater side oppodte to it). 

Let A B C be a triangle of which the angle A B C is greater 
than the angle B 0 A, then A C is greater than A B. For, 

A if AC is not greater than AB, 

it must either be (1) equal to, or 
(2) less than it If A G is equal 
to A B, then the angle A B C is 
equal (I, 5) to the angle A 0 B; 

, ^^ ^but by the hypothesis it is not 

® equal, aud therefore AC is not 

equal to A B. If, on the other hand, A 0 were less than 
A B, then the angle ABC (1. 18) would be less than the 
angle A C B; but it is not less. A C has been shown to he 
(1) not equal to A B, and (2) not less than A B, and there- 
fore it must be greater tlian A B. Therefore the greater 
angle, &c. Q.E.B. 

We now know in regard to every triangle, that — ac- 
cording as its two sides are equal or unequal — so the angles 
subtended by these sides are also equal or unequal, and that 
where the sides are unequal the greater angle is that which is 
opposite the greater side, and vice versd. The case of equal 
sides and angles was taken up by Propositions 5 and 6 ; 
that of unequal sides and angles has just been dealt with 
in Propositions 18 and 19. We now proceed to 

Peopositiow XX. 

Any two sides of a triangle are together greater than 
the third side. 

Let A B G be a triangle, then any two sides of it shall be 
together greater than the remaining [i.e. the third] side, 
viz., (1) A B-h A C greater than B C, (2) AB-hB C greater 
^ than A C, and (3) B G + 0 A : 
than A B. Produce any 
side, say B C to P, make 0 P 
/ equal to B C, and join P A. CP 

\ / equals B G by construction, there- 

the angle A P C equals A CP 
(L 5); but BP C is greater than 
AGP (Axiom 9) and also greater than A P C, and hence in 
the triangle P B 0 the angle B C P is gi-eater (I. 19) than the 
angle B P 0; therefore B P is greater than B C. But P B 
equals, by construction, both B A and A C, and therefore 
B A and A C are together greater than B C. In the same way 
it may be demonstrated that, A B, B C, are greater than C A, 


and that B C, G A are greater tlian A B. Therefore any 
two sides, &c. Q.E.P. 

The student would do well to work out the other cases so 
as to complete the demonstration, and after that he may be 
ready to admire and accept the simple proof suggested by 
J. M. Wilson, viz., ‘'In any triangle ABC, BO is the 
straight line joining B and 0; 
it is therefore shorter than the . 

broken line BA 0;” that is, 

the two sides BA, AC, are ^ 

together greater than B C. It B 

may be deduced as a corollary 

that the difference of any two sides of a triangle is leas 
than the third side, and after a little consideration the 
student may see reason for concluding that one side of 
any polygon [i.e. multiangular figure] must be less than the 
sum of all the other sides. 

We have two other points to understand in the theory of 
triangles before we are able to say we have observed and 
reasoned out all their palpable phenomena. One which is, 
in part, really a corollary from Proposition 20, comes before 
us as 

Peopositiox XXI. 

If from the ends of the side of a triangle there be 
drawn two straight lines to a point within the triangle^ 
these shall be less than the other two sides of the triangle^ 
but shall contain a greater angle. 

Let A B 0 be a triangle, and let the straight lines A P 
and C P, from the extremities of the base A C, be produced 
to a point P within that triangle; then these two straight 
lines, while less than the sides A B and 0 B of the triangle 
A B C, yet contain a greater angle 
than ABC. Produce A P to meet S 

G B in B, the two sides A B, B E, 
of the triangle A B E are greater / \ 

than the third A B (I. 20). To / 
each of these add E G ; then A B, / 

B E, E 0 [i.e. A B and B C] are 

greater than AE and EC. But^^*^^^^^ 

the sides C E and E P of the 

triangle PEC are (1. 20) greater than P C. Consequently 
G E, B P, together with P A [i.e. 0 B and E A] are greater 
than C P and P A. Wherefore the sides A B and B C being 
greater than A E and E 0 — which are greater than A P and 
P C — must be still greater than A P and P C ; that is, the 
lines A P and P C are less than A B and B G, the sides of 
the triangle. But again — 

The angle A B C is the exterior angle of the triangle 
PEC, and is therefore greater (I. 16). For the same 
reason the angle P E 0 is greater than A B B— -the opposite 
interior angle of the triangle ABB. A P C is consequently 
greater stiU than ABE or A B G. Therefore if from the 
ends, &c. Q.E.P 

Power to do is in EucIid^s view the consummate proof of 
thorough knowing. He therefore presents to us this pro- 
blem in the construction of triangles as 

Peoposition XXII. 

To 'make a triangle of which the sides shall he equal 
to three given straight lines {each to eacJi)^ but any two 
whatever of these three lines must he greater than the 
third. 

Let A, B, and C be the 

three given straight lines, J\k 

in which the condition laid / 

down in the proposition has ^ 1 \ 

been duly observed, it is ^ i fT g I )h ^ 

required to construct a \ 

triangle whose sides shall \ 

be equal (each to each) to ^ ___ 

these three Hues, From g 

a point, P, draw a straight c 

line, unlimited, towards E. 

According to Proposition 3, cut off P F equal to A, F G 
equal to B, and C H equal to C. With F as the centre, and 
radius F P, describe the circle P K L; then with centre G, 
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and radius G H, describe tbe circle H E L, cutting the former 
circle in E, Join E F and K G, and then the triangle K F G 
has its three sides equal to the three straight lines A, B, and 
C. Because F is the centre of the circle D E L, F I) equals 
F E and F I) equals A ; therefore F E equals A. Similarly, 
because G is the centre of the circle L E H, G H equals G E, 
and G H equals G ; therefore G E equals G, F G, by con- 
struction, equals B, and hence the three sides of the triangle 
E F G are equal (each to each) to the three given straight 
lines. ' Q.E.F. 

If the student will try to work the problem when the sum 
of any two of the given straight lines is (1) equal to, and 
(2) less than, the third side, he will soon see the necessity 
for the restrictive proviso which Euclid introduces into the 
proposition. Without attention to tliat the problem would 
not be among the things wliich could be done. 

BOTANY.—GHAPTER ¥L 

FLOWEKS — PLANT-KEPROMTOTION — OEYPTOGA.M1A — PHAJTBKO- 
GAMIA — INFLORESOENOE. 

Flowers, whether they appear in field, glen, woodland, hill- 
slope, pasture, or garden, excite admiration and attract 
attention. They are a joy, and may be made a gladsome 
study. The loveliness of their forms and colours, the deii- 
ciousness of their odours, and the profusion in which they 
present themselves to tlie eye, combine to charm and elicit 
curiosity. Plant-life is not altogether given for grace and 
ornament, or as an embellishment added to nature as a 
gratifying finishing touch. Vegetation converts the mineral 
materials of the earth into living structures, which again 
supply nourishment to the animal creation, and both prepare, 
for human use, food rich in the elements required to build 
up and conserve the wonderful tissues of man’s frame. 
Plants are life-giving blessings to us, and flowers by their 
beauty induce investigation into the nature, purposes, and 
uses of those vegetable products of wliicli tliey constitute 
the crowning grace. Flowers are the illuminated characters 
in which nature has written out for us the alphabet of 
botany. They are concentrated storehouses of life, and in 
them are vvrapped up the best energies of a plant’s being, 
as well as the fresh blessedness of scientific instruction and 
poetic inspiration. All living things have, as Cuvier said, 
“ an origin in generation, a growth by nutrition, and a ter- 
mination by death.” To come into being, to grow, and to 
depart hence are the common characteristic facts of the 
history of living organisms. The mortality of the individual, 
yet the perpetuity of the race, requires that the parent forms 
should possess reproductive powers such as should enable 
them, under given conditions, to leave successors to them- 
selves. Flowers consist, morphologically, of leaves which 
have been arrested in their growth and modified for a special 
purpose, in form and colour. The ty]>e-form of vegetable 
growth is foliar : (1) cotyledonous or seed-leaved, (2) foliage- 
leaved, (S) bracteal-leaved, forming cupuies, involucres, palese, 
and glumes, and (4) floral -leaved. The flo’wer is the form in 
which the consummation of the reproductive power is, in 
the higher types of plant-life, signalized. It contains the 
apparatus which originates the seed, and, in the minutest 
core of it, the elementary seed lies in ante-natal riidimentari- 
ness, as in a satin-soft cradle, till the moment of maturity 
arrives. So plants are naturally multiplied and increased. 

But plants may be multiplied in many ways — by budding, 
grafting, inarching; by layers, pipings, cuttings; by suckers, 
by division of roots and tubers, as well as by seed. Tliere 
are few species of plants from which, by some of these modes, 
multiplication cannot be accomplished. Such plants as pro- 
duce separate individuals from detached parts are caUed 
proliferous (Lat. proles, offspring; and fero, to bear). The 
flowering currant and the gooseberry (ilibes) generate, to a 
certain extent, by propagation. A number of garden flowers, 
as the carnations {Dianthus caryophyllus), are usually re- 
produced by slips, with successful results. Common thyme 
{Thymus vulgaris), when it would fail, is continued in healthy 
vigour by superimposing soil on its absorbent extremities. 
Budding takes place in cauline incisions, or on the edges and 
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in the axil of leaves, as in Bryojyhyll'wm calycinum, Malasou 
palvdosa, and several species of Gesneria, Gloxinia, and 
Achimenes, &c. Separable buds assume independent growth 
by roots, in Alliums, Trifoliiims, and others, as well as in 
the Alpine grasses, Festuca, Aira, Poa, &c. It has been 
observed, however, that the roots of such plants differ in 
direction from those of seeds, by a tendency to develop in the 
line of the trunk. 

Reproduction by division is natural to many plants, as 
sugar-cane, by its stem; strawberry, by runners; and potatoes, 
by tubers; but in the majority of cases in which shoots are 
propagated the intervention of a voluntary agent is required. 
Besides, all these species are furnished with true seeds for 
their natural increase. Multiplication by artificial means is 
therefore a phenomenon supernumerary in its character. It 
does not enact reproduction, but simple continuation, a differ- 
ence worthy of being particularly observed. The rationale, 
however, does not lessen its marvel Nature perpetuates 
the world of plants by an agency neither partial nor con- 
tingent, The forms of individual life made efficient by 
propagation originate in the dynamizing influence of cells, 
that specific power by which an original vesicle enlarges and 
conforms its interior atoms to its own pattern. In repro- 
duction, on the other hand, a different plan is pursued; a 
confluence of germ and sperm being required, two ceils exert 
a mutual effect on each other, so as to give rise to an entire 
and distinct body. 

Among the simpler forms of plants reproduction is carried 
on by the instrumentality of spheroids, usually called sporules 
or spores (Gr. q)ora, a seed), and sometimes thec^ (Gr. theJee, 
a sac). Of tliis sort are the Algse, Fungi, and Lichens, the 
Mosses, Lycopodii, and Ferns. In the AIgse, &c., the spores 
are. destitute of a proper covering or receptacle, and, for the 
most part, are merely diffused through the tissues of the 
plant; but in the mosses, &c., they appear in a somewliat 
elaborated form, by being invested or encased. The spores 
of these plants seem to become productive by the contact of 
two cells of different kinds; and by those who are inclined 
to pursue the idea of fructification, the one cell, containing 
granular matter, is called Ayitkeridmm, and the other, con- 
taining germinating matter, Pistilidmm. It is not, however, 
agreed among botanists that the spores owe their formation 
to the co-agency of sex. Bach reproductive cell contains 
variously -coloured points, called endochrome (Gr. e'luion, 
within; and chroma, colour); and one envelops others, so 
as to become a sporangium (Gr. spora and (tggos, a vase or 
vessel), that is, a spore-case, while the vital spores are in- 
cluded within its cavity. The sporangia are furnished with 
two or more marginal filaments, or vibratile cilia, by means 
of which, when discharged from Algas, they are enabled to 
move about in the fluid juices of the plant, or in the sea. 
But after germination has taken place these are absorbed. 
In mosses the sporangia are supported on stalks or setse 
(h&i. seta, a bristle); in short, they exhibit various modifica- 
tions. In Confervse there is a conjugation of cells, in which 
the contents of the one pass, by the formation of a tube, 
into the others. In Diatom aceae the germinating bodies are 
placed on the outside of the cells. 

These forms of plant-life belong to the cryptogamic 
(Gr. chruptos, concealed; and gamos, union) departments of 
the vegetable kingdom. Another state of things, however, 
presents itself to view in the phanerogamic (Gr. pha^ieros, 
apparent; and gwmos) species. Every one has become 
familiar, in the course of a rural vvallc, with those brilliant 
creations wliich peer up in the grass and perfume the air, the 
gentle flowers, some in buds wrapj.>ed up in tunics, and others 
blushing in naked loveliness. These possess instruments for 
fertilizing the germ of the future plant. On tfie outside of 
each organism is arranged a series of leaves, within whicl^ 
rises a central filament or stem, and around the staniiiui 
capped with tops of prolific dust. This apparatus may be 
conveniently arranged under blossoms, fruit, and seed. Tlie 
headings under which these specific parts of plants are re- 
spectively treated are termed inflorescence, fructification, and 
embryology. 

In plianerogamous {i,e. flower- bearing) plants the entire 
flower is to be considered as the reproductive portion of the 
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plant. Its physiological function is to secure the continua- 
tion of its species by the production of seed — the containing 
materia] of a new life. Every part and detail of the flower, 
whether of structure, form, colour, &c,, is adapted to effect 
this definite aim. Each plant has an economy of its own, ; 
and is plastic (1) in the building up of its structure, (2) in the | 
storage and use of such materials as are required for its I 
individual existence, and (3) in the perfecting of the means by | 
which new plants .similar to itself may take its place in the 
treasury of nature. A study of the manner in wliich the 
flowers of various plants are arranged shows that a definite 
plan governs the tiow^erage of each species of plants, though 
a general type-form underlies them all A flower, in the 
botanist’s ideal, usually consists of four parts, of winch the 
first twm — the calyx and the corolla — in general have the 
characteristics of being the protective and attractive parts, 
and are called the fioral envelopes; while the other two, the j 
stamens and pistils, constitute the essmtial organs^ and are j 
the effective and reproductive parts, Le. the parts essential 
to the natural multiplication of plants similar to that on 
which the flower is found. In the absence of the last-named i 
two, no collection of leaves, however beautifully coloured and 
harmoniously arranged they may be, is botanicaily regarded 
as a jio'wer. The manner in which flowers are arranged on 
the stems or branches of a plant is called mJloresGence ox 
anthotaxis. 

The inflorescence in its collective state may be traced with 
a reference to (1) the formative leaf which ushers it, (2) the 
stalk prolonged, (3) the bud which becomes developed, and 
(4) the envelopes which expand upon it. 

1. The axil of leaves supplies the place of formation to 
the buds of flowers as well as the buds of branches; but the 
preliruinary leaf of the flower, i.e, any leafy organ situated on 
the floral axis below the flower, takes the name of bractea^ 
bract, or pre-floral leaf. Inflorescence in which bracts occur is 
denominated hracteated; where bracts are wanting it is 
termed ehracteated. The flower may be separated from the 
flower bud by a flower stalk, or it may be closely applied to 
it, if sessile. In either case the position of the bract is at 
the base, and if intermediate bracts occur they are properly 
termed hmcteoles or hractlets. In general appearance, bracts 
differ somewhat from the ordinary leaves of plants; in several 
instances, as in Calla mthiofica^ they are enriched with 
colouring, and in respect to their attachment many are per- 
sistent, though the greater number are deciduous. They 
assume the shape of mere scales, or threads, or tufts of hair, 
in the Crucifera, in some species of sage, lavender, and 
crown-imperial, and in this form they are called coma or 
squamcG. It is these scales which cover the fertile flowers 
of the willow; they likewise form the cupula or cup of the 
acorn, and the palese or white scales of the artichoke. In 
grasses the outer scales or husk are commonly designated 
gluma^ glumes. Where a whorl of bracts exists, as in 
Caucus carota, it is general involucre, and if divided into a 
smaller whorl it is partial involucre or involucel. When 
one or more flowers are inclosed by a sheathing bract, the 
case is named a spatha or spgthe, as in Snowdrop and 
Narcissus (Plate VIL, fig. 1); and when several spathes of 
smaller size occur, they are termed spatkellm. 

2. The stem of flowers exhibits them either at its apex, 
as in little gentianella, or springing from the points in 
which leaves join the main stem, as in scarlet pimpernel, or 
again, branching from the supports which are there produced, 
as in Biting stonecrop. The general axis — that is, the first 
stalk of a flower, whether single or clustered— is , called 
primary, and by emphasis the rachis (Gr. rhachis, spine). If 
there be a secondary or derived stem immediately supporting 
the flower, it is the peduncle (Lat. pes, foot); and if any 
subordinate stem, again, arises from the last, it is tertiary or 

' pedicel. The terms pedunculate and pedicellate, in reference 
to a flower, consequently express the relation of the branch 
on which it is produced. Where a stalk is wanting, the 
flower, of course, is sessile. Among the various forms 
assumed by the peduncle, i.e. the flower-stalk, we may 
mention (1) that of the single, as in the primrose primula 
. mlmrU); (2) subdivided, as in London pride {Bmnfraga 
umbroaa); flattened, as in cockscomb (Oelosia cristatd); 


spiral, as in the aquatic Valisneria spiralis; and spiny, as in 
the Mud wort spinosmn). It also occurs cylindri- 

cal and grooved. 

There are two modes of inflorescence peculiar to the ar- 
rangement of the axis now mentioned. The growth of the 
axis is sometimes terminated by the production of a flower on 
its anterior or upper extremity ; but in other instances, as in 
Geranium, Rosa, and Geuin, it is prolonged in a variety of ways 
beyond the first flower. The flora! axis, therefore, may be 
found in practice either (1) bearing a single flower 'at theond 
of the stalk, and if there be iiiore, always subsequently pro- 
ducing them lower "down on the axis, then called definite, 
determinate, or terminal inflorescence, which develops itself 
centrifugally, from the top towards the bottom; or (2) if the 
axis continues to grow beyond the first flo'wer, producing 
flowers from above, it is named indefinite, indeterminate, or 
axillary inflorescence, which expands its buds in centripetal 
order, that is, from the circumference inwards. In the one, 
the progress of formation is subject to various derangements; 
in the other, the parts are formed successively without inter- 
ruption. 

Of the definite mode, where a terminal flower occurs at the 
end of the axis, the common poppy (Pupaver rliceas) may 
be referred to as an example. Numerous flowers may, how- 
ever, be produced even on one or on separate axis, if their 
original direction — as in the gentian {Erythrea centaurium) 
— is from the same bract which develops the first buds, or 
from floral leaves placed below the central flower. As the 
central flower expands first, the expansion is centrifugal 
But each brancJi may be stopped in its growth after pro- 
ducing a single flower; it then vegetates laterally, and these 
lateral branches are themselves stopped after forming one 
flower. This whole system receives the name of cyme, and 
cymose is the character applying to it, as in the elder tree. 
When the expansion takes place as in sweet-william, it is 
denominated fascicle (Plate VII., fig. 9); in such plants as 
the Labiatse, e.g. dead-nettle (fig. 13) and wild marjoram, 
the clustexws are called verticiUasters (Lat. verticillus, a verto, 
a little whorl) ; while the curvations apparent in the borage- 
worts (Boraginacem), are named helicoidal (Gr. helix, a ring, 
and eidos, iovm) ox gyrate. 

The axis of a flower is indefinite when the flowers are de- 
veloped from a succession of floral leaves springing upwards 
from those of the first flower. If, by a contraction of the 
axis, a broad plate or disc, termed a receptacle, be formed 
upon it, as in sea-pink, dandelion, &c., a capitulum, head, 
or tuft occurs (fig. 16) ; called also sometimes, according to 
the length of the pedicels, or the convexity and concavity 
of the receptacle defined, calathium (Gr. kalathion, a litth* 
basket), as in daisy {Beilis perennis) ; glomendus, a ball, as 
in teasie or clover (Dipsacus, fig. 10) ; and hypantkodium 
(Gr. hupo, under, and anthos, flower), as in Contrayerva 
(Porstenia). When several secondary axes arise from the 
flattened surface of the extremity, whether each ends in a 
single flower or repeats a radiation of flowers of nearly equal 
length, circled like an umbrella, it is an umbel, in hemlock 
(fig. 8) ; and the allied plants, fennel, parsley, &c., are con- 
sequently named umbelliferous. Corymbus, corymb (fig. 5), 
approaches the mode of flowering of the umbel, but is distin- 
guished by the unequal length of the footstalks, which proceed, 
not, as in the latter, from the same centre, but from different 
parts on both sides of the stalk. When nearly equal pedicels, 
terminating in single flowers, are given off at one point from 
the primary axis or peduncle, the result is the formation of a 
raceme or cluster (fig. 6), as in the currant, grape, or trefoil 
If the peduncle diverges, the branching inflorescence becomes 
then a panicle (fig. 7), as in London pride, oats, &c. Thyrsus 
or bunch a closer form of panicle, contracted into oval dimen- 
sions, as in lilac, &c. (fig. 12). But if the peduncle be really 
awanting, or from its shortness difficult of recognition, the 
sessile flowers, as in the ribworts (Plantago), form a spica or 
spihe (fig. 15), which is further characterized by the following 
modifications: — ^When the spike is succulent and sheathed, 
either simply or branching, it is a spadix (fig. 14), as in palms; 
when bearing unisexual flowers, usually males, and suspended 
by an articulation, as in hazel, it is an amentum or catkin 
(fig. ,4) ; and when producing only female flowers covered 
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scales, it is either a strobilvs, as in hop, or a cow<?, as in 
iir. Among the grasses, many florets arise in one calyx, 
and this arrangement, presenting small spikes, is called 
spiculcB, spikelets, or lociistm, which either cluster on the 
racliis, or branch on a panicle. 

Flowers in the bud may be described as fixed points sur- 
xounded by rudimentary modified leaves. They differ from 
leaf buds in the central point being fixed instead of growing. 
Sometimes this central point departs from its fixed character, 
and by continuing its growth assumes the form of a branch, 
with leaves but little differing from the ordinary leaves of tlie 
plant Such a growth is an unnatural one, and is generally 
characterized as a monstrosity. 

Tlie development of the leaf-bud is called 'oernation; but 
alahastrns (rose-bud), is the general term used for the ffower- 
bud. The period of its spreadijtg is called aMhesis (Gr., 
dower-opening) ; and the manner in which the floral enve- 
lopes are arranged in the bud receives the title of ccstivation 
(Lat. mtivus^ pertaining to summer), or prefloration (Lat. 
before, and/o^, tiow'er). 

If the bud be carefully removed, we find that the summit 
of the axis on which it was fixed manifests certain forms in- 
cipient of it. There then meets the view, a nearly horizontal 
disc, on which the whorls or rotations of flowers are destined 
to be arranged. This receives the general appellation of 
thalamus (bridal chamber). It is full of minute organisms, 
exiiibiting cellular papillge in a ring form. The centre is 
occupied with the summit of the receptacle^ to which all the 
parts of the bud are attached. The torus is situated between 
the calyx and pistil, and forms a common base for the corolla 
atd androc^um. The androcmim (Gr, aner, male, and 
olhion, liabitation) is the verticillar base of the stamens. 
Nectaries are glands which are generally produced by the 
torus, and situated immediately or depending on it. 

Supposing the bud to be on its axis we indicate its general 
relations. Taken as a whole, it supplies the means of exhi- 


biting its arrangements. When the parts of a whorl are of 
nearly uniform height, and disposed in a circle, the following 
characters apply : (1) the aestivation is valvate when they 
adjoin by their edges, as in the mallow; (2) if the edges at the 
points of junction be turned inwards, as in buglos (Ijycopsis) 
it is induplicate ; (3) if outwards, as in spurge (Euphorbia), 
reduplicate] and when in a circular whorl, as in oleander 
and carnation, the parts overlap each other, it is (4) con- 
torted; but when, by a difference of level in the parts of 
verticils, each part spirally covers a portion of another, 
the sestivation is (5) imbricated, as in the dog-rose ; when 
the parts cover each other (completely, it is (6) convolute; 
and when the imbrication is such, that out of a whorl of five 
parts two are external, two internal, and the remaining one 
covering and covered by the others in turn, it is (7) quin- 
cunsoial, resulting in the way in which five is arranged on a 
dice-die; (8) alternate, when the inner whorl alternates with 
the outer; (9) plicative, when folded or plated together; 
(10) vesdllary, a common form of aestivation in papilionaceous 
plants. The different forms of aestivation are each permanent 
in the species in which they are found, and are of some im- 
portance in systematic botany. 

The v&'ticils are further characterized as they regard each 
other. The different series of leaves composing a flower are 
not only arranged on a principle of alternation, but are 
mutually symmetrical in point of number. The most general 
numbers which prevail are either 5 and 4, or some multiple 
of them, in dicotyledonous and exogenous plants; 3, or its 
multiples in monocotyledons and endogens; and 2 and 4, or 
their multiples, in acotyledons and acrogens. Thus, if a calyx 
consists of 5 parts, the alternating corolla usually has 5 also; 
the stamens 5, 10, 20, &c., and the pistil 5, or some multiple 
of 5. And so with the rest of the numbers. 

The following tabular forms may serve to place the fore- 
going matter more distinctly before the memory of the botani- 
cal student. 


(1) Seed-leaves (cotyledons). 

,(2) Foliage. 

►(3) Bracts — arranging themselves in 
(i.) cupules, (ii.) involucres, 

(iii.) paleaa, (iv.) glumes, 

(v.) spathes. 


THE LEAVES OP PLAXTS ABE— 

(4) Floral. 

Enveloping. Essential. 

^ -A ^ ^ . 

1. Calyx. 2. Corolla. 3. Stamens. 4. Pistils, 

the parts of which are respectively 

i. Sepals. ii. Petals. iiia. Filament, b anther, iv. Carpels, 


1. Definite or Determinate. 

1. Solitary terminal flowers. 

% Cymes. 

a Uniparous, b biparous. 
i. Helicoid ; ii. scorpoid. 

(1) Elongated, (2) contracted. 
Compound (as in some calceolarias). 


INPLOBESOE.NOE IS — 

II. Indefinite or Indeterminate. 

1. Solitary axillary flowers. 

2. Grouped. 

a Pedicellate, b sessile. 

(1) Elongated, (2) contracted. 

3. Compound, having 

i. Spikes; ii. umbels; iii. racemes 


HI. Mixed 

1 Racemes of scorpoid cymes. 

2 Scorpoid cyme of capitula. 

3 Umbel of bifurcating cymes, 

4 Capitula of scorpoid cymes. 

&c., &c., &c. 


THE GERMAN LANGUAGB.~-CHAPTER VIII. 

'.CMPLOYMEX!!? OP AUXILIARIES OP MOOD — OLASSIPIOATION AND 
CONJUGATION OP VERBS, REGULAR, MIXED, IRREGULAR — 
NEGATIVE, INTERROGATIVE, PASSIVE, REFLEXIVE, AND 
IMPERSONAL VERBS — EXERCISES. 

In the previous lesson we presented, in full, the conju^tion 
■of the auxiliary verbs of mood. Like similar auxiliaries in 
English they are frequently used in an idiomatic manner, and 
have a tendency to fall into specialities of phraseology, in 
which they depart from their original etymological meaning. 
As aids to the comprehension of their uses we subjoin the 
following hints with illustrative examples. 

I. l^^nnen signifies (1) to be able, and (2) to be at liberty 
to do a thing; as @ie !6nnen bag t^un^ menu ©ie moUen/ you 
may do that, if you like. Indeed, it is more usual to express 
the latter idea by fbnneu than by mogen. The infinitive 
after fSitnen is sometimes omitted; as fann [ti^un] alleg 
(inag er God can do all that he wills; .%5nnen ©te ©eutfd) 
l[fpr«c|en] ? can you (speak) German ? 

> IL iDurfen signifies (1) to dare ; (2) to be permitted or 


unrestrained; as 0arf td^ fragen? may I ask? ©ie bfirfcn ee 
wijfen/ you may know it ; and (3) sometimes to need ; as @g 
bfirfte algbann nid)t ber gall [epn, it need not then be the case. 

III. SK6gen signifies (1) being permitted (being at liberty 
to do a thing); as mag lad)en< er mag minm, id) nerbtefe 
eg nid)L he may laugh, he may cj^, I do not forbid it : 
(2) chance or possibility (especially in the imperfect of the 
subjunctive mood); as <5g m6d}te regneti/ it might rain: (3) 
wish or desire (particularly in the present and imperfect of 
the subjunctive); as 5Cft6ge er lange lebeni may he live long ! 
5d) mb(|te ctmag banon f)aben/ 1 should like to have some 
part of it ; (4) to be able ; as Ser mag betne fSBunber er§d^lcn! 
who can recount thy wonders! (though in this sense the com- 
pound SSermbgcn is chiefly used): and (5) to like; with this 
meaning it is connected with the infinitive ; as mag eg 
I do not like to do it; and also may, like a tran- 
sitive verb, take an accusative case ; as Sd) mag bag nid)t, 
I do not like that. It is frequently applied to what is eaten 
or drunk; as ?0l5gen ©ie ©aueriraut? do you like sour-krout? 
^fbein id^, mag eg no, I do not like it. In these cases, 
however, an infinitive, such as effen/ to eat, or trinfen, to 
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driak, may be understood; and the construction thus ex- 
plained, with the accusative, may he considered as elliptical 

IT. is almost exactly the English niust, now and 

then ou^ht, and to be obliged) as Sd) muf meiner frcunb 
nerti^eibigen/ I ought to defend my friend. With a negative 
it occasionally signifies I 

¥. ©ottm denotes (1) to be obliged by need or duty, and 
may be rendered by shall^ must, ought, am to; as £)u foUfI 
ba^ tl)un/ thou shaft do that ; @ie foUen fd)reiben/ you are (in 
duty bound) to write : (2) to be bidden or under command ; 
as Sd) [oil ba^in I am to go there: (3) to be authorized 

or permitted; as id) ober nid)t? may I do it or 

not'? and (4) to be said or reported; as S)cr ^ontg foU ange? 
fommen the Idng is said to have arrived. @oUen is 
very frequently employed idiomatically in the conditional 
future ; as SSBenn cr tominen fotlte; if he should come ; ilSenn 
ba^ fo fepn foEte# if that should be so. It is often used with 
an ellipsis, when the infinitive of some other verb is to be 
supplied. In this way several phrases are to be explained ; 
as SSSa^ foE id)? what shall II where we require to supply 
tt)un/ do ; SSag foE er? what is he to do? or what is he wanted 
for? SSa§ foE bag, what shall that, in wliich we must supply 
fe^n, be. 

YL SSoEeu/ not being an auxiliary of tenses, is never used 
to denote future time. It expresses (1) will, intention, in- 
clination ; as 3d) miE lefen, I wish to read: and (2) to main- 
tain, assert ; as miE ben Jtomcten fd)on gcfe^)cn ^aben, he 
will have it \i.e, asserts] that he has already seen the comet. 

VII, Saffen means (1) to let or allow, Sajfen @ie i^n 
let him go ; (2) to get, to make, to cause ; as (Sin ^aug bauen 
latjen, to get a bouse built; einen SIEocE madden laffen/ to get a ; 
coat made ; (3) to leave, Saffen 0ie bag bleiben/ leave that alone. 
The first person plural of the imperative is seldom used in 
German. The verb laffen, to let, is, as in English, employed 
to express that idea. Now and then the imperative is found 
in use; as ©eben mir, let us go; ^abcn mtr diebulb, let us have 
patience *, ceben mir nid}t met)r bauon, let us say no more 
about it. 

These seven verbs of mood— !5nnen, burfen, mbgen, mE||cn/ 
foUen/ moEen, and laffen — as well as the verbs t)ei|en, to bid; 
^elfen^ to help; ^ibren, to hear; to see, have this peculi- 
arity, that in compound tenses their infinitive is used instead 
of their past participle, when it is preceded by another verb 
in the infinitive ; as fBarum baft bit geben moEen/ why did you 
wish to go ? er t)at eg guruc^geben mfiffen, he has been obliged 
to return it; Skan mid) nid)t rebcn laffen, they did not 
allow me to speak; id) babe fie fommen feben, I saw them 
come. 

3SXEK.CISES. 

Translate the following German sentences, using a dic- 
tionary where necessary, and only referring to the English 
here given for an explanation when some special difiiculty 
Is met with : — 

I. S)er ^ogel fann fingcn. ?Etan fann tm S)unfeln ntd)f 
lefen. ^Uemajib fann 3tt?et4)erren bicnen. @tn gutcr SSaum 
knn uidjt avge grEd)te bringen, unb cin fauler SSaum fann 
nid)t gute grfid)te bringen. 

The bird can sing. One cannot read in darkness. No 
iuan can serve two masters. A good tree cannot bring forth 
evil fruits, and a corrupt tree cannot bring forth good fruit. 

II. (Sr barf ni<bt fingen. barfft ben Brief lefen. ^te 
^dftlbmadbe barf md)t fcblafen. 

He dares not sing. Thou mayst [i.e. nothing hinders you] 
read the letter. The sentinel must not sleep. 

Ill @r mag fingen. 2>« magft ben Brief lefen. (Sr mag 
ie^t f^lafen gel)en. (Sr mag md)t fingen, 3d) mag ben Brief 
nid)t lefen. @r mag f einen B5etn trinfen. 34 m5d)te gern 
f4lafen. 

He may sing. Thou mayst [ie. you are at liberty] to read 
the letter. He may now go to sleep. He may not sing. I 
may not read tli4 letter. He must drink no wine. I would 
gladly sleep. 

IV. (§ieben!e, fcaf mir 3CEe fterben mfiffcn. 95?;er p diott 
lommen mtE, ber muf glauben, baf er fei. 2)er ©cbh^d^ere 
muf bem 6tdrferen mci^en. ^an muf immcr bie f^abrbeit 
r?ben. ' SBir mEffcn unfern geinben uerseibcn. 


Bethink yourselves, that we must all die. He who would 
come to God must believe tliat he is. The weaker must give 
way to the stronger. One must always speak the truth. 
We should forgive our foes. 

V. Sier ,Sl'nabe foE jricbnen lernen. 3d) foE einen Brief 
fcbreiben. 2)u foEft mil mir geben. 

The boy is to learn to diaw. I must write a letter. Thou 
art to go witli me. 

VI. Ser ilnabe wiE fpielen. 3d) mill einen Brief fcbreiben, 
SSiEft 25u mil mir geben? 

The boy wishes to play. I want to write a letter. Will 
you go with me ? 

VII. 6ie laffen ben S)teb mcglaufen. i^afe ibn fcblafcn. (Sr 
lief ben ^unb tangen. 2)cr •p^vr Idf t ben (3eted)ten nid)t hunger 

leiben. 

They allow the thief to escape. Let him sleep. He made' 
the dog dance. The Lord permits not the righteous to suffer 
hunger, 

VIII. 3cb Sebtafen fonnen. (Sr bat nid)t fpred)en 

bfirfen. bat gebord)en miiffen. (Sr bdtt«? ;^id) [ueben foEen, 

I have not been able to sleep. He has not dared to speak. 
He has had to obey. He ought to have sought thee. 

Verbs are divided, according to their meaning, into two 
principal classes — tramitive and intramitwe. 

Tbaxsitive verbs are active verbs, the sense of which is^ 
not complete without the addition of an object in the accusa- 
tive case ; as Seb febreibe einen Brief, I am writing a letter. 

Transitive verbs have two forms, called voices, the aotiva 
a,nd the passive. If the subject as agent acts upon another 
person or thing the verb is in the active voice ; the person 
or thing acted upon is called the object of the verb, and is put 
in the accusative case ; as 3cb t'ufe ibn, I call him. If the 
subject of the verb is itself the object of the action expressed 
by the verb, it is said to be in the voice ; as 3cb merbe 
gerufeti/ I am called. The whole of the passive voice is 
formed by means of auxiliary verbs, just as in English, e.g. 
3cb merbe geliebt, I am loved. 

INTRANSITIVE verbs denote either a simple state of exist- 
ence, as 3cb J^ube, I am resting; or an activity which does not 
pass over to any external object, as 3cb laufe^ I am running. 
They do not, from the nature of their signification, admit 
of a passive voice, but have the active form only ; as 3cb wife, 

I am travelling. When the active subject either cannot be 
named, or is designedly left indeterminate, intransitive verbs 
may be used impersonally in the tliird person singular of the 
passive voice ; as (§4 mirb getanjt, there is dancing going on. 

Tlie class of intransitive verbs may be said also to compre- 
hend reflexive verbs. Of these there are two kinds, namely, 
such as are employed in the reffexive form only, as @icb' 
freuen, to rejoice; and such as are formed from transitive 
verbs by the addition of the reflexive pronouns mic|/ un4, 
bicb^ eueb, ftcb5 as 3cb lege micb, I lie down. 

Verbs must also be arranged in classes for purposes of 
conjugation. 

Jacob Ludwig Grimm, the distinguished German philolo- 
gist, first drew a scientific distinction between the two leading 
conjugations of verbs, which he denominates strong’* and 
“ weak,” while K. F, Becker, who revolutionized grammatical 
teaching in Germany, characterizes them as “ancient” and 
“modern.” The former designation is perhaps the more 
lo^cally correct, the latter more practically useful Properly 
; understood they may safely enough be used interchangeably. 
In some German grammars the old or strong form is treated 
as “ irregular,” while the new or weak form is regarded as 
“regular,” as similar verbs are frequently yet classified in 
English grammars. The fundamental distinction is this:— 
(1) ^he strong conjugation is inflected mainly within its own 
roots by such internal change or modification of the radical 
vowel as shows that a vital power of variation operates witliin 
it, and indicates a growing and reproductive capacity of self- 
development ; (2) the weak conjugation does not change its 
radical vowel Its inflexions are produced by addition from 
without rather than by effort of vital power within. 

We may take as examples the German verbs geben and 
leben, with their English correlatives give and live. In each 
language the former verb belongs to the old strong form... 
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.presenting in its past tense and past participle this power 
S inward change— thus gebcn^ to give; gab/ gave; gegcben, 
piven ; while the latter asserts to itself no power of internal 
'modification, but takes only these external ciianges— tebeu/ 
to live; lebte, lived; gelebh lived. 

These three principal parts (1) the infinitive, (2) the im- 
perfect or past tense, and (3) the past participle, exhibit the 
main elements of the verb, and enable us to know the type- 
form to which it is similar, and therefore indicate how it is 
to be conjugated. 

L The modern, weak, or regular conjugation makes no 
change in the vowel of its root, i.e. the infinitive divested of 
the conjugational en, but adds to it the termination te (or in 
certain cases ete) to form the imperfect or past tense, and to 
form the past participles it prefixes ge and adds t (or et), as 
toben/ to praise ; tc^ lobtC/ I praised ; gelobt/ praised. From 
their simplicity and uniformity verbs belonging to this class 
■are called regular verbs, and we shall in future allude to 
them as such. They will present little difficulty to the 
student, as he has already mastered their mode of conjugation 
in learning the verb ^aben, to have. 

IL Misled verbs are those which have the same termina- 
tion as the regular verbs in the imperfect indicative and in 
the present participle, but which also change the radical 
vowel as strong or irregular verbs do; as fenneu/ to know; 
tcf) famtte/ I knew ; gefannt/ known. 

III. In ancient, strong, or irregular verbs the im- 
perfect or past tense is formed by taking the true (original) 


root of the verb (often found by throwing off the en of 
the infinitive), and changing the radical vowel according to 
the root-type to which the verb belongs, as shall be fully 
explained below; and the past participle is formed by pre- 
fixing ge to the root with or without changing the radical 
vowel according to the type to which it belongs; as ^titgeu/ 
to sing ; tcb fong/ I sang ; gefungen/ sung. 

In com mi ting to memory the following paradigms or model 
forms of the strong and weak conjugations, the acquiring of 
a mastery over the details of conjugation will present less 
difficulty to the student if he will carefully notice as he goes 
along the likenesses between English and German conjuga- 
tions. For instance, the only parts of the verb which really 
, undergo inflexional change or modification are (1) the infini- 
! tive, (2) the present and the imperfect indicative (active), 
(3) the imperative, and (4) the participles. The rest of the 
active voice and the whole of the passive voice are, as in 
English, formed by a combination of the participles or infini- 
tives of the principal verb, with certain (conjugated) tenses 
of the auxiliary verbs. We therefore only print one or two 
persons of each of these (compound) tenses, as the student 
should be able to make up the rest of the tense for him- 
self, if he has properly mastered the verbs in preceding 
lessons. 

In the imperative mood we give the regular forms, but the 
following modes of expression are very commonly employed : 
er foil fingen/ let him sing {Le. he shall, or is to sing) ; 
un§ fingen/ let us sing. See YII. p. 532. 


I. REOunAB — S^icbeu/ To Love. 


CONJUGATION OF VERBS. 
II. Mixed — itcnnen/ To Know. 
XndicatiTe Mood. 

PEESENT TENSE. 


Ill, Ibkegulae — ©ingcH/ To Sing. 


8. 1. Sd) lieb-e/ 

I love. 

3cb fenn-e/ 

I know. 

3cb fing-e/ 

I sing. 

2. bu lieb-fl:/ 

thou lovest. 

bu fenn-jl/ 

thou knowest. | 

bu fing-ft/ 

thou singest. 

3. er lieb-t/ 

he loves. 

er fcnn-t/ 

he knows. i 

er fing-t/ 

he sings. 

P. 1. mt Iteb-en/ 

we love. 

mt fenn-eu/ 

we know. 

mir fing-en/ 

we sing. 

2. i^r lieb-t/ 

you love. 

ibr fenn-t/ 

you know. 

I ibr fing-et/ 

you sing. 

3. fie lieb-en/ 

they love. 

fie fenn-eu/ 

they know. 

1 fie fing-en/ 

they sing. 



IMPERPEOT TENSE. 



S. 1. lieb-te/ 

I loved. 

3cb fann-te/ 

I knew. 

Scb fang/ 

I sang. 

2. bu lieb-teji/ 

thou lovedst. 

bu fann-tcft/ 

thou knewest. 

bu fang-eft/ 

thou sangest. 

3. er lieb-tC/ 

he loved. 

er fann-te/ 

he knew. 

erfang/ 

he sang. 

•P. 1. mir Ikh-Uxif 

we loved. 

toix fann-ten/ 

we knew. 

mir fang-en/ 

we sang. 

2. ibr lieb-tet/ 

you loved. 

ibr fann-tet/ 

you knew. 

ibr fang-et/ 

you sang. 

3. fie lieb-ten/ 

they loved 

fie fann-ten/ 

they knew. 

fie fang-em 

they sang. ’ 



PERFECT TENSE. 



3d) '^abi ge-lieb-t/ 

I have loved. 

1 3cb ge-fann-t/ 

I have known. I 

3cb babege-fung-eu/ 1 have sung. 

bu bajl geliebt/ 

thou hast loved. 

1 bu baft gefannt/ 

thou hast known. | 

bu baft gefungen/ 

thou hast sung. 

&c. 

&c. 

&c. 

<Sz:c. 

&c. 

&c. 



PLUPERFEOT TENSE. 



3<^ bntte geliebt/ 

I had loved. 

1 3cb batt^ gefannt/ 

I had known. I 

3cb batte gefungen/ 

I had sung. 

bu batteft geliebt/ 

thou hadst loved. 

1 bu battcft gefannt/ 

thou hadst known. | 

: bu battcft gefungen/ 

thou hadst sung. 

&c. 

&c. 

&c. 

&c. 

&c. 

&c. 



FUTURE TENSE. 



3d) merbe lieb-em 

I sliail love. 

1 3cb merbe !enn-en/ 

I shall know. | 

3cb merbe fing-en/ 

I shall sing. 

bu mirjl: lieben/ 

thou wilt love. 

1 bu toirft fenneu/ 

thou wilt know. | 

bu mirft fingen/ 

thou wilt sing. 

&c. 

&c. 

&c. 

&c. 

&c. 

&c. 


merbe geliebt bnbeit/ 
I shall have loved. 
&c. 


Sd) mfirbc lieben/ 
iofirbejl Ucbeu/ 
&c. 


I should love, 
thou wouldst love. 
&c. 


mfirbe geltcbt babeu/ 
t should have loved. 

&C- 


PXJTUBB PEBEEOT TENSE, 
wcrbe gefannt ^aben/ 

I I shall have known. I 

&c. 

Conditional Mood. 

PRESENT TENSE. 

I mtirbe tennen# I should know. 

I bu mfirbefi: fenneu/ thou wouldst know, 
&c. &C, 

PEEFEOT TENSE. 

murbe gefannt l^abeti/ i 

I should have known. I 

&c. 


Scb merbe gefungen l^aben/ 
I shall have sung. 

&c. 


Scb mfirbc fingen/ 
bu miirbejl 
&c. 


I should sing, 
thou wouldst sing. 
&c. 


mfirbc gefungen ^abcu; 
I should have sung, 

&c. 
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Siitojuactive Mood. 


PEESBNT TENSE. 


a 1. Sdf) 

2. bit Iteb-ejl; 

3. er Iteb-c^ 

P. 1. mir lieb-en/ 

2. il)r Ikh-ztf 

3. fie lieb-en/ 


I may love, 
thou inayst love, 
he may love, 
we may love, 
you may love, 
they may love. 


3c|) fcnn-e/ 
bu fenn-efc/ 
er !cnn-e/ 
mtr fenn-en/ 
i^r !enn-ct/ 
fie fenn-eu/ 


I may know, 
thou mayst know, 
he may know, 
we may know, 
you may know, 
they may know. 


Scl) fing-e, 
bu fing-ejl/ 
er fing-e, 
irir fing-eu/ 
i^r fing-et, 
fie fing-eii/ 


I may sing. , 
thou mayst sing:'' 
he may sing, 
we may sing, 
you may sing, 
they may sing. 


IMPEBPEGT TENSE. 


S. 1. licb-te, 

2. bu lieb-tefi/ 

3. er Ikh-ttf 

P. 1. mir lieb-tein 

2. il^r lieb-tet, 

3. fie (icb-ten/ 


I might love, 
thou mightst love, 
he might love, 
we might love, 
you might love, 
they might love. 


Scl) !dnn-e, 
bu 

er Mnn-e/ 
U)tr tdnn-cn/ 
i^r Mnn-et; 
fie !dnn-en/ 


I might know, 
thou mightst know, 
he might know, 
we might know, 
you might know, 
they might know. 


I 2d) fdng-e/ 
bu fdng-eft/ 
er fdng-€/ 
mir fdng-eu/ 
tl^r fdng-et/ 
fie fdng-em 


I miglit sing 
thou mightst>m|, 
he might sing, 
we might sing, 
you might sing, 
they might sing. 


PERFECT TENSE. 


3c]^ 5^abe geliebt/ 

<§50. 


I may have loved. 
<&c. 


2d) l)abe gcfannh 
&c. 


I may have known. | 3cb ^abe gefungeu/ 

(&C. <§50. 


I may have sung, 

<§5C. 


PLTTPERPEOT TENSE. 


34 geliebt/ 

<§50, 


I might have loved. | 34 ^dtte gcbannt, I might have known. | 3c^ l)dtte gefungeu/ I might have sung, 
&C. <§5C. &c. &c. &c. 


FUTURE TENSE. 


34 liebeu/ 
bu merbejt lieben/ 
&;c. 


I shall love, 
thou wilt love. 
&c. 


34 ujerbe tenneu/ 
bu merbejl tcnnen; 

<§5C. 


I shall know, 
thou wult know. 
<§5C. 


34 iucthe ftngcn, 
bu merbejl: ftngern 
<&c. 


I shall sing, 
thou wilt sing. 
<§50. 


FUTURE PERFECT TENSE. 


3cb toerbe geliebt ^aben/ 
I shall have loved 
&c. 


34 «?6rbe gefannt bcibeu/ 
I shall have known. 
&c. 


34 gefungen ^ben/ 
I shall have sung. 

&c. 


Stebe (bu)/ 
liebe er/ 
lieben mXf 
Itebet (ibr)/ 
Itebcn fie/ 


love (thou), 
let him love, 
let us love, 
love (ye), 
let them love. 


Imperative Mood. 

.^ettne(bu)/ know (thou), 

fenne zt, let him know, 

fennen Jrit/ let us know. 

!ennet (t^r)/ know (ye). 

! feimen fie/ let them know. 


(Singe (bu)/ 
finge zx, 
fingen mir, 
finget (i^r)/ 
: fingen fie/ 


sing (thou), 
let him sing, 
let us sing, 
sing (ye), 
let them sing. 


Infinitive Mood. 


Pres. Sieben/ to love. fennen/ 

Perf. ^eliebt 1)abzn, to have loved. dJefannt bnben/ 
Fut. Sieben irerben/ to be about to love, .fennen merben/ 


to know. @ingen/ 

to have known. ©efungen l^aben/ 

to be about to know, ©tngen merbem 


to sing, 
to have sung, 
to be about to sing. 


Pres. Siebenb/ 
Past ©eliebt/ 


Participles. 

I .^ennenb/ knowing. 

I ©e!annt/ known. 


0ingenb/ 

©cfungen/ 



The following remarks on the conjugations will assist the 
memory : — Every German verb terminates in nr or cn/ in the 
infinitive; as lebeiu to live; loben/ to praise; tabelm to blame; 
trauern/ to mourn. The root of the verb is to be found by 
striking off the termination of the present infinitive \i.e. zu\ 
the form in which the verb is always given In dictionaries. 

In the active voice, only the imperative and the present 
and imperfect of the indicative and the subjunctive undergo 
inflexion. The other tenses are compcjund. 

The verb fein serves to form the perfect tenses of most 
intransitive verbs, as er iff ge!omnten/ he has arrived ; ^abeu/ 
to form those of the active and reflective verbs, as er l^at eS 
gefagt/ he has said it ; and merben serves to form the future 
tenses and the conditional mood of all verbs without distinction. 

The first person singular ends in -e (except in a few 
auxiliaries) : 3cb fenne/ I know. 

The second person singular always ends in -ft: bu liebft/ 
thou lovest ; bu liebteff/ thou lovedst. 

The third person singular of the indicative ends in -t/ 
but the subjunctive ends in -e. 

The first and third persons plural end in -cn/ both in the 
present and imperfect tenses, and it is the same in the 
subjunctive mood : mtr fennen; we know, or we may know ; 
totr fangem we sang, xxix fdngen/ we might sing. 

In many German verbs an e is placed between th^ root 
apd the tenpinatioh, to avoid a harsh sound ; bu rebcft/ thou 


talkest (instead of rebjl); er rcbet/ he talks. The studem. 
will soon learn to do this unconsciously by ear ; but it may 
be well to remark that this euphonic c is retained through 
every mood, tense, and person of verbs whose root ends in 
b/ t/ gn/ d)n/ or t^m. Some verbs have tliis e only in the 
second person singular of the present tense ; bu tan§e|t/ thou 
dancest. 

EXE'RC'ISES."'""' 


Give the German for- 


1, He loves. They love. I loveci. We loved. He has loved. 
Thou hadst loveA They had loved. I shall love. They will have 
love<L Thou wouldst love. He would have loved. I may love. 
They may love. He might love. I may-have loved. He might-have 
loved. Thou wilt love. He will have loved. Love (thou). Let us 
love. To have loved. Loving. Loved. 

IL I know. They know. I knew. We knew. He has known. 
Thou hadst known. They had known. I shall know. They will 
have known. Thou wouldst know. He would have known, I may 
know. They may know. He might know. I may-bave known. 
He might-have known. Thou wilt know. He will have known. 
Know (thou). Let us know. To have known. Knowing. Known. 

Ill, She sings. They sing. I sang. We sang. She has sung. 
Thou hadst sung. They had sung. I shall sing. They will have 
sung. Thon wouldst sing. She would have sung. I may sing. 
They may sing. She might sing. I may-have sung. She mights 
, have sung, Thon wilt sing. She will have sung. Sing (thou). Le^ 
; ns sing; To have snug. Singing. Snng. 
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The 'passive voice all active verbs is fornied by their past 
participle and the auxiliary verb rnerbeu/ to be or to become, 
fust as the passive voice is formed in English. Remember 
that the past tenses of merben are formed by the verb fein/ 
to be and not |)aben/ to have; as, Sd) bin gemorben/ I hme 
becorne ; 3^^ merbc geliebb I am loved ; @ie merben geliebt/ 
they" are loved ; 3d) merbe geliebt merbem I shall be loved ; 
3d) itJerbe gelannt tnerbem I vshall be knovm. In compound 
tenses the past participle of loerbeit comes last^ and the prefix 
ge is omitted, so that the participle is written morbeii/ instead 
of geioorben^ as, ift gef ungen wotben, it has been sung. 
There is a form of the passive voice which is compounded 
with fetn instead of metben ^ but in this case the past parti- 
ciple may be looked on as an adjectim^ and fein as an ordi- 
nary auxiliary, yet it is used to express a passive stote ; as, 
3)a^ (BM mar §erbrod)en^ the glass was broken; but bag ©lag 
murbe non gebrocbem the glass was broken by him, for 
this sentence describes an action and not a state. 

In the interrogative form of the verb the pronoun comes 
after the verb in 'simple tenses : .Itennen <Sie? do you know ? 
in compound tenses the pronoun comes immediately after 
the auxiliary: ^aben 0ie gcfannt? have you known? iSerben 
6ie gelannt ^abcn? shall you have known? 

In the negative form, nid)t/ not, comes immediately after 
the verb in simple tenses, and after the auxiliary in com- 
pound ones: 3d) fenne nid)t/ I do not know; 3d) |abe mcij>t 
gefungen/ I have not sung. 

In the negative-interrogative form nicbt comes immediately 
after the pronoun: .itennen^ie nici^t? ^aben ©ie mcl)t gefungen? 

The reflexive form is made up with the aid of the reflexive 
pronouns, which are placed after the verb in simple tenses, 
and after the auxiliary in compound ones: 3cb grdme mtc^/ 
I grieve myself; ©r bat ftcb gegrdmb he has grieved himself. 
Some verbs take the reflexive pronoun in the dative case 
instead of the accusative : 3cl) fcbmetcble I flatter myself. 

Impersonal verbs are formed out of the third person 
singular of any verb with eg, it, for a subject ; but of course 
there are verbs which are only used impersonally; as, ©g regnet/ 
it rains ; ©g geregnet/ it has rained. 


EFGLISH GEAMMAE AND COMPOSITION. 
CHAPTEE VI 

IRREOULAB VERBS : THEIR NATURE, CONJUGATION, CLASSI- 
FICATION, DERIVATION, AND USB. 

The grammarian’s duty is to state clearly, arrange simply, 
and explain as fully and distinctly as possible the facts of 
language. Besides the classification of verbs according to 
their meaning as transitive {i.e, not forming in themselves a 
complete predicate) and intransitive [Le. not requiring the 
help of other words to complete the predicate), there is a classi- 
fication according to inflexion which it is necessary to make. 
We know that the past tense of most verbs is formed by the 
addition of a terminal sjdlable to their root, and that in some 
cases a radical modiflcation takes place in the original word 
to indicate this change of tense. The former, as being by far 
the more numerous now, are called regular verbs, and the latter 
irregular. This term, when invented, was really a name 
given in the ignorance of the students of language of the 
processes of change capable of taking place in a living tongue. 
In language as a living product irregularities are few — 
although confusion, ambiguity, and anomalies sometimes 
occur. Necessity and habit regulate the development of 
speech, and what they require is really regular. The irre- 
gular verbs have received this class-name, because it has been 
found difficult to discover any prevailing general law easily 
understood and readily expressed explanatory of the changes 
to which the roots of such verbs were subjected to form their 
I>ast tense and past participle. The method in w^hich they 
are formed is not that now common and current. It belongs 
to a condition of grammatical usage long gone by — a usage 
which was becoming obsolete even in Saxon times. The 
words and their forms alike are an historical heritage. They 
come to us from a time when vigorous originality of life was 
not so thoroughly stereotyped as it is now. Then experiment 
was employed to test experience, and a variety of modes were 
tried to find what was easiest and most expressive — what 


secured distinctness of articulation, readiness of utterance, 
and suggestiveness of sound. The old forms were found to 
be more expressive, while the new forms were the more 
manageable; and the new habit, charming from its ease, has 
in the majority of cases superseded the old habit — except in 
such instances as have, from commonness of use and closeness 
to the heart, impressed themselves most distinctly on the 
memory, and incorporated themselves by strong associations 
to our habitual speech. So fast lias been their hold on gene- 
ral usage that despite the tendency in favour of the new 
forms, the operation of centuries has been unable to super- 
sede them. They must be acknowledged as facts, classify and 
explain them how we may. 

Not only are the (so-called) irregular verbs survivals from 
the strong original Saxon vocabulary of our ancestors, they 
are also the most frequently employed ; and idiomatically 
they are the most important, and the most difficult to use 
with precision and propriety. They are very expressive, 
mostly monosyllabic, and strong in their self-containedness. 
The greater number of them possess the same strong inde- 
pendency of formation in almost all the Gothic languages. 
They are all simple in their intrinsic notion and form. They 
are all primitive terms descended to us through Saxon, not 
classical, sources; and while many verbs — such as bow, chew, 
gnaw, grip, laugh, span, thresh, wash, wield, wreak, &c. — 
liave become weak, no weak verb has ever taken to itself the 
self -developing habit of the strong formation. No new word, 
upon its introduction to the language, takes the old form of 
conjugation, and all such verbs as are derived from these — 
e.g. drench from drink, awaken from awake — are all con- 
jugated according to the weak form. These facts concerning 
strong and weak verbs show that the distinction into strong 
and weak refers to a natural difference between their methods 
of formation, and not to mere oddities and incongruities. 

The inflected forms of Old English verbs were much more 
numerous than those which are* at present used. All the 
variations of form which are now in living use are (1) est and 
its contraction st, in the second person singular present and 
past indicative — which, from our disuse of them, are falling 
greatly out of use; (2) s in the third person singular present; 
and (3) th or et\ its softened form-— very rarely employed; 
{^)ing for the present participle; (6) d or ed for the past 
participle, or in the case of strong verbs ew, which holds the 
same place and fulfils the same office. On the whole, then, 
the student has only to attend to the place and use of these 
(at most) six variations, that he may obtain the mastery over 
the entire inflexional variations of an English verb. The 
following is a complete paradigm of the irregular {i.e. strong) 
verb to teach^ given both in the active and passive voice. 

Though, in reality, all the forms of conjugation might be 
explained in a brief space, and include only those portions 
of the verb in which inflexional variations occur, it is of great 
advantage to know the different forms of predication possible, 
and to have them presented in a classification such as enables 
the scholar to use it as a help in the study of other languages, 

A.CTIVE VOICE. PASSIVE VOICE. 

To Teach. To bb Taught. 

Indicative Mood. 


PRESENT TENSE. 


Singular, 

I teach. 

Thou teachest. 

He teaches or teacheth, 

PluraL 
We teach. 

You teach. 

They teach. 


Singtilar. 

1. I am taught. 

2. Thou art taught. 

3. He is taught. 

Plural, 

1. We are taught. 

2. You are taught. 

3. They are taught 


PRESENT progressive TENSE. 


Singular. 
I am teaching. 
Thou art teaching. 
He is teaching. 

Plural. 
We are teaching. 
You are teaching. 
Th^ are teaching. 


Singular 

1. 1 am being taught. 

2. Thou art being taught. 

3. He is being taught. 

Plural. 

1. We are being taught. 

2. You are being taught. 

3. They are being taught 
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IMPERJTECT TENSE. 


Singular. 

1. I taught. 

2. Thou taughtst 

3. He taught. 

Plural, 
L We taught. 

2, You taught 
B. They taught. 


Singular, 

1. 1 was taught. 

2. Thou wast taughL 
S. He was taught. 

PluraL 

1. We were taught 

2. You were taught. 
S. They were taught 


IMPEEPEOT PEOGBBSSIVE TENSE, 


Singular. 

1. 1 was teaching. 

2. Thou wast teaching. 

3. He was teaching, 

PluraL 

1. We were teaching. 

2. You were teaching. 
S. They were teaching. 


Smgular. 

1. I was being taught. 

2. Thou wast being taught. 

3. He was being taught 

PluraL 

1. We were being taught. 

2. You were being taught. 
8. They were being taught 


PEKPEOT TENSE. 


Singular. 

1, I have taught 

2, Thou hast taught 

3, He has taught 

PluraL 

1. We have taught 

2. You have taught 

3. They have taught 


Singular. 

1. I have been taught 

2. Thou hast been taught. 

3. He has been taught. 

Plural, 

1. We have been taught. 

2. You have been taught. 
8. They have been taught. 


Imperative ' Mooi>. 


PEEPEOT PEOGEESSIVB. 


Singular. 

1. I have been teaching. 

2. Thou hast been teaching. 

3. He has been teaching. 

Pkiral. 

1. We have been teaching. 

2. You have been teaching, 

3. They have been teaching. 


There is no progressive form in 
use in the passive voice. 


PLEPEEPEOT TENSE. 


Singular, 

1. I had taught. 

2. Thou hadst taught 

3. He had taught 

Plural. 

1. We had taught 

2. You had taught. 

3. They had taught 


Singular. 

1. i had been taught 

2. Thou hadst been taught 

3. He had been taught 

PluraL 

1. We had been taught. 

2. You had beeu taught. 

3. They bad been taught 


FIRST FUTURE TENSE. 


Singular, 

1. I shall or will teach. 

2. Thou shalt or wilt teach. 

3. He shall or will teach. 

PluraL 

I We shall or will teach. 

2. You shall or will teach. 

3. They shall or will teach. 


1. I shall or will be taught 

2. Thou shall or wilt be taught 

3. He shall or will be taught 

PluraL 

1. We shall or will be taught 

2. You shall or will be taught. 

H. They shall or will be taught 


8EOONI) FUTURE TENSE. 


Singular. 

1. I shall or will have taught. 

2. Thou ahalt or wilt have 

taught. 

3. fie shall or will have taught 


PluraL 

1. We shall or will have taught 

2. You shall <nr will have taught 
8, They shall or will have taught 


Singular, 

1. I shall or will have been 
taught 

% Thou shalt or wilt have been 
taught 

3. He shall or will have been 
taught 

PluraL 

1. We shall or will have been 

taught 

2. You shall or will have been 

taught 

3. They shall or will have beeu 

taught 


Smgular. 

2. Teach thou or do thou teach. 


PluraL 


2. Teach you or do you teach. 


Singular, 

1. Let me be taught 

2. Be thou or do thou be tauKin. 

3. Let him be taught. 

Plural. 

1. Let us be taught. 

2. Be you or do you be taugov 

3. Let them be taught 


Potential Mood. 
PRESENT tense. 


Singular. 

1. I may or can teach. 

2. Thou mayst or canst teach. 

3. He may or can teach. 

PluraL 

1. We may or can teach. 

2. You may or can teach. 

3. They may or can teach. 


Smgular. 

1. I may or can be taught 

2. Thou mayst or canst Ot 

taught. 

3. He may or can be taught 

Plural. 

1. We may or can be taught 

2. Yon may or can be taught 
8. They may or can be taught 


IMPERFEOT TENSE. 


Singular. 

1, 1 might, could, would, or 

should teach. 

2, Thou mightst, couldst, wouldst 

or shouldst teach. 

3, He might, could, would, or 

should teach. 

PluraL 

1. We might, could, would, or 

should teach. 

2. You might, could, would, or 

should teach. 

3. They might, could, would, or 

should teach. 

PERFECT 

Singular. 

1. I may or can have tanght. 

2. Thou mayst or canst have 

taught 

3. He may or can have taught. 


PluraL 

1. We may or can have taught 

2. You may or can have taught 

3. They may or can have taught. 


Singular. 

1. I might, could, would, or 

should be taught 

2. Thou mightst, couldst, wouldst 

or shouldst be taught 

3. He might, could, would, or 

should be taught 

Plural, 

1. We might, could, would, or 

should be taught 

2. You might, could, would, or 

should be taught. 

3. They might, could, would, or 

should be tanght 

TENSE. 

Singular. 

1. I may or can have been 

taught. 

2. Thou mayst or canst have 

been taught 

3. He may or can have been 

taught 

PluraL 

1. We may or can have deen 

taught 

2. You may or can have been 

taught. 

3. They may or can have been 

taught 


PDUPERFEOT TENSE. 


Singular, 

1. I might, could, would, or 

should have taught 

2. Thou mightst, couldst, wouldst 

or shouldst have taught 

3. He might, could, would, or 

should have taught 

PluraL 

1. We might, could, would, or 

should have taught 

2. You might, could, would, or 

should have taught 

3. They might, could, would, or 

should have taught 


Singular, 

1. I might, could, would, or 

should have beeu taught 

2, Thou mightst, couldst, wouldst 

or shouldst have been taught 
8. He might, could, would, or 
should have been taught 

PluraL 

1. We might, couid, would, or 

should have been taught 

2. You might, could, would, or 

should have been taught. 

3. They might, could, wodd, or 

should have been taught 


Subjunctive Mood. 

PRESENT TENSE. 


1. If 1 teach. 

2. If thou teach. 
8. If he teach. 


1. If ^ 




PluraL 


Singular. 

1. If I be taught 

2. If thou be taught 

3. If he be taught 

PluraL 

1. If we be taught 

2. If you be taught. 

3. If they be taught 


EUTGLISH GRAMMAE AHB OOMPOSITION. 


IMPEEFUCT TENSE. 


Sinpular* 
1 . Ifltaiigbt. 

% 0 thoB taught. 

3. If he taught. 

Plural. 

1. If we taught. 

2. If you taught. 

S. If they taught 


Singular. 

1. , If I , were taught 

2. If thou wert taught 

3. , If he were taught 

Plural. 

1. If we were taught. 

2. If you were taught 

3. If they were taught 


PEKFECT TENSE. 


Singular. 

,1. If I have taught 

2. If thou have taught. 

3. If he have taught 

Plural. 

1. if we, have taught 

2. If you have taught. 

3. If they have taught 


Singular. 

1. If I have been taught, 

2. If thou have been taught. 
8. If he have been taught 

Plural. 

1. If we have been taught 

2. If you have been tanght 

3. If they have been taught 


PLUPERFECT TENSE. 


Singular. 

1. If I had taught 

2. 0 thou hadst taught. 

3. If he had taught. 

Plural. 

1. If we had taught 

2. If you had taught. 

3. 0 they had taught. 


Singular. 

1. If I had been taught 

2. If thou hadst been taught. 

3. If he had been taught 

Plural. 

1. If we had been taught. 

2. If you had been taught. 

3. If they had been taught 


FIRST FUTURE TENSE. 


Singular. 

1. If 1 shall or will teach- 

2. If thou shalt or wilt teach. 

3. If he shall or wiH teach. 

Plural. 

1. 0 we shall or will teach. 

2. If you shall or will teach. 

3. If they shall or will teach. 


Singular. 

1. 0 I shaO or will be taught. 

2. 0 thou shalt or wilt be taught 

3. If he shall or will be taught 

Plural 

1. If we shall or will be taught. 

2. 0 you shall or will be taught 
S. If they shall or will be taught* 


SECONU FUTURE TENSE. 

Singular. Singular. 

1. 0 I shall or will have taught. 1. 0 I shall or will have been 

2. 0 thou shalt or wilt have taught. 

taught. 2. If thou shalt or wilt have 

3. If he shall or will have taught. been taught 

3. If he shall or will have been 
taught. 

Plural. Plural 

1. If we shall or will have 1. If we shall or will have been 

taught taught. 

2. If you shall or will have 2. If you shall or will have been 

taught. taught 

3. If they shall or will have 3. If they shall or will have 

taught. been taught 


Infinitive Mood. 


To teach or to be teaching. 


To be taught 


To have taught or to have been To have been taught 
teaching. I 

Participles. 

Present — ^Teaching. Being taught. 

Perfect-Taught Taught 

Compound Perf. — Having taught Having been tanght 


by what modes of natural selection, the verb has aggregated 
to itse0 so many forms of change — nor does it inform us of 
the presiding reason for the self -developing power of the 
strong verbs in olden times, and the adoption of the more 
modern uniformity and simplicity of external inflexion in the 
weak verbs. One obvious advantage of the latter system if: 
its almost mechanical readiness of maiiagement, 

kSound is used to express thought. Interchanges of sound, 
subtle but certain, suggest changes of signification, drip, 
drop; drift, draft; bench, bunch, &c. A quick and vivid 
sympathy seizes upon the chime of sound as indicative of a 
notion of the thing, and seeks to express pleasant things 
by pleasing sounds and unpleasant ones by harsh ones, e.g 
smooth, whizz, &c. Tliis mastery of sound over both sens«- 
of hearing and sensitiveness of thought probably contains 
the secret of the endeavour to exhibit the changes occurring 
in given acts expressed by verbs by the modification of sound 
made within the words employed. We might thence con- 
struct for ourselves an ideal of the manner in which men 
endeavoured to manage the internal modifications of verbs. 
The characteristic feature of these verbs being accepted as 
that of indicating by an internal vowel-change the modifica- 
tions of idea intended to be understood, we may suppose the 
process to have been somewhat like this: — 

Taking a well-defined consonantal framework as possessing 
a distinct power of suggestion, our Saxon forefathers found 
that by introducing into them a different vowel-sound they 
could indicate certain differences, and so provide themselves 
promptly with a change of form suggestive of a change of 
signification. In tliis way the range of expression was 
largely increased, and the power of the limited vocabulary 
of these primitive people was greatly improved. The vowels 
i, a, u are cardinal or primary, and those of o and e subor- 
dinate or secondary. Their vibratory power indicates this — 
i gives 7200 vibrations per second, a 1800 or one-fourth, and 
u 450, which is again one-fourth of the vibratory intensity 
of a; e as an intermediate between i and a gives the haK of 
i and double of a, viz. 3600, and o as the intermediate be- 
tween a and u gives the half of a and double of viz. 900. 
This chromatic distinction of vowel-sounds became the formal 
and methodical, that is, in fact, the regular characteristic of 
the old verb — viz. change of vowel in some regular series. 

The first class of strong verbs may be regarded as those 
which form their past tense and past participle by internal 
vowel changes. Of these the first subclass take the primaiy 
vocalic series a (or u\ u. Of course, to us now the forma- 
tive peculiarities of these strong verbs have become rather 
troublesome to understand and deal with, and some help 
towards making them less so by classification and explatxa- 
tion may be found convenient. We suggest the following 
arrangement: — 


^digged 

drank 

flung 

hung 

hanged 

(rang 

(rung 

ran 

(shrank 

(shrunk 

(sang 


I Spin 
} Spring 
i Stink 


span spun, 

sprang sprung. 


won won. 

Promanced wim. 

wrung wrung. 


The verb, we know, is the most liighly organized element second subclass may be taken as having the vocal 

of human sp^ch. It is the means by which the mind seriesiandow(diphthong):— 
expresses its judgments on aH matters of thought. From 

the importance of its agency in the service of the most Bind bound bound- Grind ground ground, 

central and dominant of the activities of thought it derives Fight fought fought thought thought 

its name, and from the importance of its office it has fo^nd found. Wind wound wound. 

attracted to itseH a large number of accessory elements. rphe sub-class has i, a, a:— 

Generative philology has not yet succeeded m showing by what 

process of internal development and self-modification, and Sit sat (sate) sat (sitten). | Spit spat spat, (apittanv 
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The fourth subclass is characterized by t, o, o \ — 

Abide abode abode. | Shine shone shone. 

In the class of strong verbs no change is made in 

the past tense or past participle, but all these parts are 
alike. These are—beat [beaten], burst, cast, cost, cut, hit, 
hurt, knit [knitted], let, put, rid, set, shed, shred, shut, slit, 
split, spread, sweat [sweated], and thrust. 

The third of strong verbs are characterized by an 
interna! vowel-change in the past, and the addition of the 
surri?: % or to form the past participle [with such euphonic 
changes as this involves]. These may be arranged into sub- 
classes as follows: — 


Abide 

'Arise 

Drive 

Ride 

Rise 

Shrive 

Smite 

Strive 

Thrive ' 

Write 


Blow 

Grow 

Grow 

Know 

Shew 

Throw 


( 1 ) 

abode 

arose 
drove 
rode 
rose 
shrove 
smote 
strove 
throve 
wrote 

(2) 0 , e, ow, 

blew blown. 

{ crown, 
crowed, 
grown, 
known, 
shewed shewn, 
threw thrown. 


0, fc. 

Cabiddea 

"(abode. 

arisen. 

driven. 

ridden. 

risen. 

shriven. 

smitten. 

striven. 

thriven. 

written. 


gi-ew 

knew 


(3) 0 , e, e. 

Behold beheld beheld [beholden]! 
Hold held held [hoiden] 

(4) a, 6, a. 

Befall befell befallen. 

Draw drew drawn. 

Fall fell fallen. 


(6) e, ee, ea, o, o. 


Bear 


I bore 
I bare 
Forbear forbore 

Break 

(broke 
Choose chose 

Freeze froze 
Get 


<got 

Isat 

(begot 

"(begat 


born. 

borne. 

forborne, 

broken. 

chosen. 

cloven. 

cleft. 

frozen, 

gotten. 

begotten. 


Lose 

lost 

lost. 

Sell 

sold 

sold. 

Shear 

f shore 
(sheared 

shorn. 

Speak 

i spoke 
f spake 
stole 

spoken. 

Steal 

stolen. 

Swear | 

swore 

sware 

sworn. 

Tear 

tore 

tom. 

Teh 

told 

told. 

Tread 

trod 

trodden. 

Wear 

wore 

worn. 

Weave 

wove 

woven. 

(6) a, 0 , 

a. 

Forsake 

forsook 

forsaken. 

Shake 

shook 

shaken. 

Stave 

stove 

staven. 

Take 

took 

taken. 

Wake 

woke 

waken. 

Awake 

awoke 

awaken. 


Bid 

Forbid 

Bite 

Chide 

Give 

Hide 

Lie 

Rive 

Slide 

Stride 

Strike 


(7) i, « or a 

(bade 
(bid 
(forbade 
(forbid 

bit 


chid 

gave 

hid 

lay 

rived 

slid 

1 strode 
f strid 

struck 


bid. 
bidden, 
forbid, 
forbidden, 
j bitten, 
(bit. 

j chidden. 

( chid, 
given. 

< hidden. 
Ihid. 

|[lain. 

“(lien, 
j riven, 
(rived, 
slidden. 

stridden. 

(struck, 

"(stricken. 


GEOLOGY.—CEAPTEE VI. 

lUNEOUS ROOKS — GBANia?E, OKEISS, AKB OTHER PRIMARY 
ORYSTALEIKE FORMATIONS. 

The biography of the globe is not likely soon to be written in 
ML It is old and we are young. The investigations neces- 
i^ry to discover its birth-date and original state depend oh 
far-scattered, much-altered, and not very easily decipherable 
monuments and records. These are not easily reached at 
first hand, and few can read them with undisputed accuracy 
even when the rock-written evidence is before the eye, A 
sort of general idea is ail that can readily be foiined by the 
best specialists, and they concur in holding something like the 
following opinion. The earth is an oblate spheroid, the 
materials of which at the epoch of its formation must have 
been in a fluid state. The original particles of which the earth 
is composed are regarded as having been (and in large part as 
being even uow) in a state of igneous fusion. This mighty 
mass, of liquid fire, after having assumed the spheroidal form, 
gradually , cooled down,, hardened, and 


undergoing many changes, assumed its present condition. In 
the process of cooling, a superficial spherical shell or outer 
crust of considerable solidity incased these igneous masses;., 
and was itself everywhere encircled with a watery vapour,., 
which, condensing on that surface, formed upon it the ma- 
terials subsequently gathered together into seas and oceans, 
-and collected into an all-surrounding atmosphere. The 
solidified substance which incloses the densely compressed 
material of the globe, as these heat-fused rocks cooled down, 
became too large a packing case for the subjacent ! matter. 
As a consequence, cracks in, and sinkings of, the telluric 
crust afforded openings for tlie outrush of the internal molten ^ 
matter through rifts and crevices, and occasioned hollows and 
depressions into which the surface waters could settle And 
find place. Thus the mobile fluid of the surfaces filled up 
the ocean basins, and the fiery tides of the inner igneous 
masses were not only injected into portions of the riven casing, 
but projected through the terrestrial shell, so as to form when 
cooled ridges and peaks. To the investigation of the pheno- 
mena of that outer solid rind which lies between the aerial 
envelope and the underlying and possibly liquid material of 
the globe, geology devotes its researches. 

The hardest and firmest of the rocks which human research 
has reached contain marks of having been, at some time or 
other, in a liquid state — molten by heat. They are ail 
crystallized; and the fundamental layer — that which is, so 
far as known to us, nearest to the igneous liquid material 
mass of the earth, and forms the lowest portion of the exter- 
nal solid shell — consists entirely of contesserated agglomera- 
tions of mineral matter in a state of crystallization, Wheri 
matter has been fused by intense heat, and been subsequently 
cooled until it has gradually solidified, it very frequently as- 
sumes those regular forms which characterize crystals. If a 
mass of matter, containing diflerent chemical constituents, 
were brought into a state of fusion, these elements would 
aggregate themselves according to their mutual affinities, and 
so assume those various forms proper to their original mole- 
cular structure which we call crystals — which may be seen in 
loaf sugar, in silica or quartz, and in a hundred different 
varieties of calcareous spar. Such portions of the external 
crust of the earth as have been brought under the observation 
of geologists, and are regarded as constituting the primitive 
rocks, are characterized by these crystalline forms; and hence 
it has been inferred tliat they were in their original condition 
in a state of igneous fusion, and that as the incandescent 
telluric surface gave off its heat by radiation, they were super- 
ficially cooled and consolidated. In this way they became the 
original terrestrial shell, which however, crushed and folded, 
rent and riven, retains in the main its stability, and remains 
even yet the most solid and enduring of the orcfinary materials 
of the solid surface of the globe. 

Igneous rocks show no signs of laminar sorting or the 
stratifying operation of water; they differ in their mode of 
occurrence and structure, as well as in their composition from 
the stratified and derivative rocks; they bear a smaller pro- 
portion to the whole (observed) masses of rock forming the 
upper crust of the earth, but they exhibit a much greater 
variety than sedimentary rocks do ; and below every sort of 
sedimentary and stratified rocks known, those rocks which 
are unstratified and are regarded as igneous are always found 
forming a substratum and base. Either simultaneously or 
successively in all or nearly all parts of the globe the igneous 
rocks seem to have been in a state of fusion, and many of 
them appear to have been formed under the influence of 
strangely intense temperatures, and under the power of im- 
mense pressure, where air and water had alike been eliminated 
from the operating agencies by wMch bodies are usually 
affected. 

As they appear, at present, the igneous rocks have no very 
determinate position in the series of layers which form the 
outer film of the earth’s matter. They break through, dis- 
locate, and penetrate the strata— which may be regarded as 
originally the arranged and orderly state of the earth — ^and 
. by their plications, contortions, bosses, dykes, and veins, 
produce a somewhat deranged and disorderly appearance upon 
the earth’s superficial crust. Yet below all the orderly sedi- 
fUeiitary rocks which they have disturbed, these unstratified 
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ones are found, and from tbe effects which they have pro- 
duced on the strata among winch they have taken a place, j 
their igneous beat may be inferred. Upon the superficial 
covering’ of the jdastic central thuds of the globe, in which 
all the manifold ingredients of metals, minerals, earths, and 
rocks are mingled, blended, and contained, tliey appear as the 
representatives of that intense, all-fusing heat which, in its 
fervency, has crystallized into inorganic masses the original 
materials of tlie ivorld. Heat, we know, can liquefy the 
most obstinate materials, if hut sufficiently intense. Not 
only does it transform ice into water and melt lead, but it 
can fuse iron, silver, and gold, till they l‘)ecome as fluent as 
rolling water. 

Under the designation of the original flooring of the great 
round world, these primitive rocks have become familiar to all 
observant eyes as granite — tlic least perishable of building 
stones, and therefore most prized for tlie purpose of permanent ^ 
constructions. It is believed by modern geologists to be of j 
igneous origin, to descend to an undefined depth, to rest upon 
the internal liquefied material mass of the globe, and to have 
been protruded from below through chinks, cracks, crevices, 


rifts, and openings, in such a way as to elevate the land 
masses of the surface, to dislocate their strata, and to inter- 
texture itself between them in the form of veins. Granite 
(Italian granito, grained) receives its name from its granular 
structure. Its grains, how’-ever, are not combined chemically 
or molecularly, but, having been concreted by mere agglo- 
meration and mechanical juxtaposition, they seem to have 
been brought into cohesion under pressure and compacted by 
induration. Some geologists of eminence regard even granite 
as an igneous rock originally derived from some earlier strati- 
fied form, but all a^ee that, so far as investigation — spread 
as it has been over immense geographical areas — has yet gone, 
no other rock has been found capable of establishing a claim 
superior to it of being the first known term in the series 
which overspread the heat-fused mass of the earth, and 
formed the lowest known layer of the telluric spheroidal shell 
— of being, in fact, the incasing skeleton and framexvork of 
the globe. Upon it, as on a foundation, the superficial struc- 
tures of the earth may be said to be reared and made fit for 
becoming the theatre of life. The following diagram illustrates 
the mode in wliich igneous rocks often appear: — 



a may represent a granitic mountain axis protruding through the strata which flank it. These strata are shown on the right, and their positions 
Indicate that they have been di.sruptured and displaced by it The secondary strata c have been deposited since its elevation, h may represent 
columnar basalt, and d overlying masses of that rock which have been ejected from beneath through the stratified formations cec. 


Granite has claimed no small share of the attention of our 
most eminent geologists. As it always occurs in the crystal- 
line form, we have the most distinct proof that it originally 
existed in a ffiiid state. The proof of this is rendered still 
more decisive when we examine the manner in which it is 
often found injected, in the form of veins, into superincumbent 
strata. Granite was long considered as representing the 
primordial condition of terrestrial matter, that which — having 
formed the original external coating of the globe, and been 
acted on for ages by atmospheric or aqueous agencies — gave 
origin to the stratified masses which are now generally found 
resting upon it; but modern discoveries have led to the opinion 
that even in granite itself we find no trace of the original 
condition of the primeval rocky masses, and to the hyp)Othesis 
that granite is that particular state of combination into 
wliich any of the stratified deposits may be converted by the 
combined agencies of heat and pressure. 

Granite is a rock of great beauty, and is capable of taking a 
fine polish. Its crystals, in the typical forms, are mica, felspar, 
and quartz. Other minerals, such as actinolite, clilorite, talc, 
compact felspar, steatite, and garnet, enter into and modify 
its appearance. In colour it varies according to the different 
hues of the p>revaiiing minerals. 

The colours of all its component elements likewise vary. 
The felspar may be red, grayish-white, white, pale flesh- 
coloured, yellow or green, and it is chiefly distinguished from 
quartz by being laminar in its stracture. Quartz is usually 
clear white or gray, but sometimes black. Mica is black, 
white, ^ay, brown, and of a silvery appearance, splitting 
readily into thin transparent plates. Hornblende is black. 
The felspar and mica in granite are always crystallized ; the 
quartz fills the interstitial spaces left by these minerals; and, 
in the cavities of such rocks, beautifully crystallized prisms of 
quartz are not uncommon. The sizes of the grains or crystals 
are various. 

From those varieties of admixture, it is inferred that some 
of the granitic rocks are nearly, if not wholly, allied to some 
of the members of the trap family — particularly greenstone, 
which is composed of hornblende and felspar; and that how- 
ever diversely modified, the granite and the trap rocks have 
a Cbnjmon origin. 

* Granitic mountams are in general wild, rugged, and precipi- 


tous, and almost always skirted with other mountains of 
gneiss or mica slate, the strata of wliich are highly inclined. 
The highest mountains are not always composed of this ma- 
terial. Indeed, granite, composed of the usual crystals of 
mica, felspar, and quartz, is not quite so common as was once 
supposed. In the Alps and other places it is often seen 
passing into porphyry, and there can be no doubt that that 
rock and granite are nearly related in date and material. 

The Urals and the Himalayas in Asia, the hill ranges of 
Abyssinia in Africa, and the Andes in South America, may 
be regarded as more or less of granitic structure, though 
they are formed of layers of laminated rock frequently 
much contorted. In the Scandinarian peninsula the ranges 
of the Bovrefelds, in Switzerland the Alps, and in Spain the 
Pyrenees are granitic in the main. 

Granite is found in contact with, and altering rocks be- 
longing to the cretaceous period in the Eastern Pyrenees. 
Sir Charles Lyell mentions the metamorphic character of 
a limestone containing fossils belonging to the Oolite or Lias 
formation, which occurs within a few yards of granite in the 
Hautes Alpes, near Vizille, in B'rance. In another instance, 
occurring near Obampoleon, a granite is observed to overlie 
secondary rocks, and produce an alteration which extends 
about 30 feet downward, diminisiiing in the beds which lie 
furthest from the granite. 

Granite is found traversing Silurian beds and gneiss, near 
Christiania in Norway. Geologists therefore conclude that 
granite has been formed at successive periods and under very 
different conditions. Indeed, on investigating the districts in 
which granite comes into contact with, or penetrates adjacent 
strata, some geologists have thought that it was formed 
under the pressure of the rocks which it penetrates, and 
altered while these were superimposed upon it in a horizontal 
or slightly inclined position. We have a beautiful illustra- 
tion of this in the picturesque Isle of Arran in the Frith of 
Clyde — ^an island almost unique as a geological gymnasium. 

That island is composed, in its northern division, of rocks 
chiefly consisting of granite, mica slate, and clay slate, with 
a slight development of the Carboniferous formation; and in 
its southern division, of sandstone, alternating with beds of 
limestone, the whole pierced through and overlaid by such 
igneous rocks as greenstone and basalt, porphyry and pitch- 
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stotie. <fec.; on the east coast these same strata form a narrow 
belt in the north of the island on which true coal-beds accom- i 
pany the limestone and sandstone. The central mass of the , 
northern portion of the island consists of the granitic moun- ' 
tains of Goatfell and Oeim-na-caillach ; the former rising to 
about 2865 feet above the level of the sea. The granite is 
flanked by precipitous rid^jes of schistose rocks, which it 


penetrates in the form of veins. On the edges of the schists, 
de])osits of red sandstone and conglomerate are followed by 
limestone containing organic remains common to the oldest 
carboniferous formations of the mainland. Innumerable 
veins of trap, and some of pitchstone, penetrate all the rocks 
from the granite upward. Throughout a great portion of the 
island, the secondary strata is overlaid by trap rocks. Tlia 



Uralskaya Sopka, part 

lijtgram given below will furnish an idea of the geological con- 
formation of the island. 

The granitic mass has evidently, after it had become con- 
solidated, broken through the upheaved schists; and if, from 
the fact that the same sandstones and limestones occur on 
either fiank of the granite, we may infer that they once 
formed a continuous deposit over the area of the island, the 
disruption must have taken place after the deposition of the 
whole mass. Though its conglomerates consist of quartz and 



A, Orajiite, b. Schists, c, Sandstones, cons^lomerates, &c. d, Trap veins, 
E, Overlying trap, 

Other fragments of schists and trap peculiar to the island, we 
find no trace of granite. It is impossible that they should 
not also have contained fragments of granite, had it at that 
time been exposed to the same agencies which denuded and 
degraded the schists. The conglomerates now aggregating on 
the coast contain fragments of granite; and immense masses 
of it, some at very considerable elevations above the level of 
the sea, are distributed over the island. That proves that the 
granite was formed prior to the denudation and upheaval of 
the rocks which flank it. 

The chief granite districts in England are those of the 


of the Ural Mountains. 

counties of Cumberland, Cornwall, and Devon, occurring in 
several extensive detached masses from the Land’s End to 
Dunsford, near Exeter, and often exliibiting the phenomena 
of tors. These apparently fantastic piles and insulated peaks 
of granite frequently take singular forms and shapes, wliich 
almost simulate architectural ruins. Of these, the Cheesermg, 
near Liskeard, is an example. It is a pile about 15 feet 
high, consisting of five granitic blocks, much decomposed bv 
the weather, the upper ones of which are much larger than the 
lower. The lofty granitic table-lands of Dartmoor are quarrie< 1 
and the stone conveyed to many large cities. Dartmoor granite 
is now regarded as of a later date than the culm-beds of that 
district, which contain the true coal plants, and are therefore 
regarded as belonging to the carboniferous era. The Cornish 
granite (which by the miners is called grouan) is metalli- 
ferous, and on the wedge-shaped promontory from which the 
western terminal rocks of England, near Land’.s End, rise to 
front the dashing assaults of the sea waves, in bluffs of 60 feet 
high, many peculiarities of granite are to be observed. 

The greatest granitic masses of Scotland occur chiefly in 
the county of Aberdeen. It is almost wholly composed of 
granite and gneiss. A large tract of granite occurs also be- 
tween Huntly and Banff, in Banffshire; and tracts of con- 
siderable extent intersect portions of the counties of Perth, 
Inverness, and Sutherland. Ben Cruachan and the peaks 
which give charm to the south of Loch Etive, and a tract of 
country on the north of the same loch, are composed of granite. 
If lines are drawn from the head of Loch Awe to Aberdeen, 
and to the Moray Frith, the greater part of the space in- 
cluded in that area is filled with gneiss, resting irregularly on 
the granites of Ben Cruachan, the district of Loch Bannoch, 
Dalwhiunie, Cairngorm, Aberdeen, and Peterhead- There 
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are two considerable granite districts in the south of Scot- 
land; one on the shores of the Solway Frith to the south-west 
of Dumfries, and the other in Kirkciidbriglit, stretching from 
the south of Loch Doori to a few miles of the shore at Wigtown 
Bay. Tiie western extremities of the isle of Mull also con- 
sist of granite. 

In Ireland granitic rocks appear in Wicklow, extending 
over an area of 66 miles in length by about 20 in breadth, 
from Kingstown to Wexford, and cropping up at detached 
points in Carlow and Kilkenny. Over a large district in 
Down, Louth, and Armagh, granite, flanked by metamorphic 
baiids, rises through the prevailing Silurian slates. In Done- 
gal, wliere it throws up peaks attairung 2500 feet, granite 
occupies an area of 35 miles by 18, and along the northern 
shores of Gahvay the Atlantic beats against bulwarks of 
granite. On the nortli-east of Antrim, opposite Kintyre, a 
tract of mica slate extends, in which granite appears. 

Gneiss is, according to Ansted, a name used by the miners 
of Saxony, which has, since the days of Werner (1750-1817), 
been applied to a “crystalline compound of quartz, felspar, and 
mica, distinctly stratified and widely distributed,” “especially 
abundant in Scotland and the Scandinavian range; and in 
Bohemia, Silesia, and the metalliferous mountains of Saxony.” 
It is, tyiucaily, composed of the same elements as granite, 
but differs in the mode of their aggregation. In granite 
they are confusedly and irregularly crystallized ; in gneiss they 
are laminated — i.e, arranged in layers. In many instances, 
however, metamorphism — i.e, change in the original struc- 
ture — has operated so far as to obliterate, in a great measure, 
the iamifiar, and to alter it into an almost ery.stallme forma- 
tion, as if it were “ bedded granite.” So much is this the 
case that it frequently requires the well-trained eye of a 
skilled geologist to distinguish betw’een some specimens of 
granite and of gneiss. A wide range is therefore given to the 
designation gneiss, and many varieties which deviate con- 
siderably from the normal structure are recognized and named 
by having a differentiating adjective attached to it — e.g. 
protogenic, oligoclase, syenitic, or hornblendic gneiss. Some 
difference of opinion also obtains as to all gneiss being a for- 
mation of the older and fundamentai series of rocks, or in 
some instances possibly a product of local ruetamorphism — 
whether it is ahvays a form of detrital graihte formed anew in 
a heated ocean, or may sometimes liave been an originally 
foliated structure exposed to crystallizing influences. Its 
wide diffusion brings it into relation with many other forms 
of rock structm-e. Gneiss consists of the same felspathicose 
quartz and micaceous ingredients as granite, and is often 
only to be distinguished from it by its laminated structure. 
Mica slate is less granitic in its appearance, the mica being 
the predominating mineral and the felspar wanting. 

Gneiss, which contains at least three of the four minerals, 
quartz, mica, felspar, and hornblende, is denominated regular, 
and is called irregular when it contains compact felspar, or 
when of a different composition in other respects. Gneiss and 
ijjica slate are among the oldest rocks with which geologists 
have yet become acquainted. Some writers contend that they 
ouglit to be reckoned as of igneous origin equally with granite. 

Primary limestone or marble and serpentine are sometimes 
associated with these formations, and quartz rock is very abund- 
ant. Compared with the other formations which compose the 
solid framework of the globe, they are more indurated, crystal- 
line, and silicious in their composition. The secondary rocks 
have a greater variety of arenaceous and calcareous beds; 
while in the Tertiary loose sands marls and clays prevail. 

The laminae of gneiss and mica slate frequently present 
examples of curvature of the most extraordinary kind. This 
is not coiiffned to small portions of the rocks, but instances 
are not imcommon of the whole mass being twisted and bent i 
in a manner tiiat never could have taken place had the rocks ' 
always existed in the same indurated manner as at present. 

In granite, all the elements are crystallized: each mineral 
is independently a crystal, or moulded in the cavities left be- 
tween crystals. In gneiss, mica, and mica schist, the felspar, 
quartz, and mica are rolled or fragmental masses. The worn 
surfaces of their ingredients, combined with the lamination or 
stratification of the mass, assure us that aqueous agencies 
have determined their aggregation. The lamination of gneivss. 


and mica scliist, but especially the minute flexures which 
abound in these ancient rocks, suggest some peculiarity in 
the condition of the water in which they were formed; vvhile 
the internal crystallization of the attrited felspar reveals that 
they derive their origiii from the di.sintegration of granite. 

These deposits are of more general occurrence throughout 
the crust of the earth than any others. The diagram here 
given will indicate their general relations among themselves 
and towards other geological formations. 



X. Granite, 2. Gneiss. 3. Mica scliist, 4. Clay slate, 5. Silurian 
rocks. 6. Old red sandstone. T. Mountain limestone. 8. Lower coal 
formation 9. U pper coal formation. 


Some of the more curious phenomena of the granite forma- 
tions may be illustrated to the eye more readily than explained 
in words. Pig. 1, Plate III, exiiibits a granitic vein passing 
througli a dark quartzose clay slate, dividing itself into branches 
and becoming finer in grain the more compactly it is pressed. 
Fig. 2 represents a strange interlacement of rocks observed 
in Glen Tilt, Perthsliire. At the base (12) there is a red 
compact granite, above that limestone interveined in the lower 
part with red granite and white calcareous spar (11-9), 
but in the upper part with red granite alone. «Jver this 
there lie masses of hornblende (8) and quartz and felspar, and 
then laminated limestone witha red felspar vein piercing it (7). 
Overlaid on this there rest horn blendes and laminated 
felspar (6), and limestone laminated by red felspar and 
hornblende (1). The layer overlapping this consists of 
white quartz and red felspar crystallized (2); a felspathic ore 
interspersed with layers of black hornblende comes next (3), 
and limestone laminated with felspar constitutes the upper 
surface. Fig. 3 is a diagram of the venigenoiis masses of a 
Cornish clay-slate rock, provincially called k-illm, through 
which a coarse and porphyritic granite, having large crystals of 
felspar imbedded in it, is seen intermingling with and over- 
lapping the schists, and altering the character of the slate 
through which it has made its way. Fig. 4 is a schistose 
section of Ben Cruachan traversed by veins of granite, which 
are themselves intersected by two dykes of differing porphyry. 
Figs. 5 to 9 are sectional diagrams of portions of the Salisbury 
Crags, Edinburgh, showing unstratified greenstone, inclosed 
by stratified sandstone, conglomerate, shale, and nodules of 
ironstone, in which both the igneous and sedimentary rocks 
are altered in their formation. Beside these we have placed 
on the same Plate, fig. 10, a horizontal plan of an interposed 
dyke, about 30 feet wide, on one of the western cliffs of 
1 Arran, in which, as the letters G, H, and P res])ectively indi- 
j cate, greenstone, hornstone flint, pitchwstone, are curiously 
disposed; fig. 11, which shows in a diagram of an ordinary 
mineral vein, in & 5, a middle mass or continuous rib of galena 
(sulphide of lead); in c c, alternating bands of barytic spar, 
technically known in Derbyshire as cawk or Derbyshire 
spar — a fluoride of calcium; and in dd, the rocks which, 
inclosing the vein, form its walls; and fig. 12, is a “ ridered” 
rock — i.€. one penetrated by wliat are termed strings, leading 
to or branching from metallic veins, as v v is seen to do 
towards s s s. Fig. 13 is a diagram illustrative of the [iheno- 
mena of crossing in metallic [or otlier] veins arising f j'om slips 
or dislocations of the strata in the fissures of wliicix they occur, 
and the consequent displacement to which they are liable. 
The cross vein is represented by a; b shows a vertical vein, 
and c and d indicate two of the different type-forms of dis- 
placement which may occur should it be subjected to a verti- 
cal movement. A careful study of tiiese various figures will 
greatly aid the mind in formitig right ideas regarding the 
possible phenomena which geology brings under review as tlie 
results of change in the relations and the effects of the move- 
ments of various lands of rock structures. 
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MTJMIPLIOAflQN AKD DIVISION OF FRACTIONS. 

The multiplication of fractional quantities proceeds upon the 
same principles as have already been explained in regard to 
addition of fractions, altliough the form of the operation as- 
sumes a difierent appearance. The letters and symbols, of 
course, indicate the numbers and operations of arithmetic, 
and ttiere cannot therefore be much ifficulty in understand- 
ing the more general expression of those rules which govern 
them, when they are proved to hold good in those cases in 
which letters are employed to indicate any number we may 
choose to represent by them. For example, let it be given 

us to multiply any fractional quantity denoted by by a 

whole number— say the integer 7. It is quite plain that 

whatever quantity or magnitude is represented by the pro- 

0 

duct given must be seven times as great. We know that 

~ X 7 must represent the quantity or magnitude ~ seven 
0 0 
7 a 

times, i.e. must equal y. To multiply a fraction, therefore, 

by an integer, we require merely to multiply the numerator 
by the whole number, and place the denominator below the 
line as the sign tiiat the whole new numerator is to be divided 
by the former denominator. In the same way, if we are 


• 1 — 


a 


asked to multiply 


ax , a OLC 

— by c, we have — x c ~ — , 
5 5 i 


versely ~ ~ will be — 

0 0 

Of course, to multiply the whole number 7 by the fraction 

i,e. 7 X ~ will give the same result as before, for 
0 0 

7 X «=7<2, which is to be divided by h, and the answer there- 
fore is ~ 

0 

If, again, we have to multiply a fraction by a fraction, say 

4-, we require to multiply the numerators of the two 
0 a 

fractions together for a new numerator, and their denomina- 
tors for a new denominator, i,e. — x -4- =— • For if we had 

0 a hd 

bad to multiply ~ x c, the product would have been but 
0 h 

the quantity c, which is used as a multiplier, is also to be 
<iivided by i.e. into d parts, and this must be indicated in 

the product, as is done when we write In this case, as in 

hd 

the previous one, therefore, the multiplication of the one 
numerator by the other furnishes the new numerator, and 
the product of the one denominator multiplied into the other 
supplies the new denominator. 

The foregoing question may be explained and worked in a 
difierent form, but equally correctly, thus:— 

What is the product of ~ x 4- Bet us assume that 
0 d 

p ^ 4 and ^—4-, then we proceed to muitiply 7 ?=-? by A, 

6 d h 

and ^ 4" by d; the results are, of course, that hp^a^ 

(L 

and dq~c. Now, the product of equal quantities must be 
equal quantities; therefore ===«.<?, and dividing these 

^ equal quantities by Id, we obtain 

^^-g;thatis, I 

the same answer precisely as was previously obtained. 

' If a mixed quantity be given to be multiplied, we must 
reduce the expression of it to an improper fraction. This we 
do by mtdtiplying the integral part by the denominator, 
annexing the numerator with its proper sign prefixed, and 
i writing, under the result, the denominator ; 


I When the numerators of the given fractions can be divided 
I by any quantity which is common to each, the resulting 
quotients can be used instead of the originally given fractional 
factors, and if a fraction is to be inuitiplied by any quantity, 
it will come to quite the same when we multiply the nume- 
rator by that quantity, or when we divide the denominator 
by it; e.g. 

^xb = a; — x c == — ; and — x — : 
b he h ,2 3 , , 

We must keep in mind tiiat the value of a fraction does 
not depend on the absolute, but on the relative magnitudes 
of numerator and denominator, and therefore that tlie multi- 
plication or division of both of the terms of a fraction by ihe 
same number makes no change in its real value. We know 

that g, 5, and A are expressions of equivalent values, 

and we are easily convinced that ft equals and that 

n an 

finds its equivalent in because every fraction 
av 4- cfs ^ V + z 

is proportioned to unity exactly in the ratio of its numerator 
to its denominator. Hence (1) the multiplication of the 
numerator of any fraction is equivalent to the division of 
the denominator, and (2) the division of the numerator is in 
reality a multiplication of the denominator; for the same 
change as regards ratio is made by the multiplication of one 

of its terms as by the division of the other ; e.g. if we 

0 

divide both its terms by dl—which does not alter its value— 
becomes ,and when we divide both its terms by 






h- 7 -d hxd 
d, becomes 

When we multiply both terms of any fraction by the same 
number the ratio is unchanged, and the value of the fraction 
is not affected. It follows hence that the mtio of two frac- 
tions is the same as that of the products obtained by multi- 
plying their numerators into their alternate denominators — 

as, ~ isto as axe? is to oxb, and their products be- 

hd 

come their numerator when reduced to the same denominator. 

As in the case of multiplication, if a fraction is to be 
divided by an integer, or an integer by a fraction, we may 
either (1) divide the numerator by it, or (2) multiply the 

denominator by it; as, Again, a-s- ~==^, for 

X CO 

a = now and this again yields the 

answer wliich was previously gained, viz. 


Similarly 

5 45? 6 205? 5 

Let the student follow out the operations and cancellations 
which occur in the following: — 


a X 


z-x a+x 

-I- ^ , 

a a^x 


6a 126__15a& 

1557 - 30 ^ 3x^ 

2x 557-10 2 ^ * 


(a ~ x)j; ^ 


57^ 1 a + x 


Having followed us intelligently thus far the student will 
be prepared to carry his thoughts along the succeeding pro- 
cesses of algebraical reasoning, which is intended to show the 
grounds upon which the multiplication of fractions proceieds 
, in a simple manner, although from the necessaiily technical 
language in which it is couched a careful attention to the 
phraseology employed will be requisite. That given, the ap- 
parently difficult and even somewhat uncouth and uninviting 
page will be found to be instructive and profitable. 
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We shall begin by .supposing that the following query has 
ibeen put before us :-~ 

What is the product of y by m ? Let p be the value 

of the fraction so that ~ ,* then by . the nature of 

0 0 

dii/ision, as explained in Ohapter HI., pp. 344-346, a^bp; 
multiplying these equal quantities by m, we obtain 
and, dividing the result by 6, we find 


mM _ 

■T"' 


which is — for » = -2.. 
b h ^ h 


from this formula, it appears that to multiply a fraction by 
any,, ijiteg.ral quantity is really to multiply its numerator 
by that quantity, for example, 

-c 




av-^vic 


c? X — - IS =, and {a-\‘x)x ~ — is ' 

a~Vb + 0 ,, ot)-\’y 


The student will require to observe that when fractions are 
written side by side of integral quantities (and also, as we 
shall hereafter see, side by side of each other), multiplication 
Is intended to be denoted ; e.g, 

b h h 

The expression a — means « x — , and is equal to 

c C c 

Again, (a - c) ^ means (cg-c) x ~,and is equal to 

y y y 

Upon the same principle the student may now be able to show 
that (a-fi) -O + c) 

y ^ 


Let us now suppose that the fraction 


mb 


been given 


us, and let us be required to multiply its numerator by m ; 

the result would be— which is in reality, as before, 

mb ■ ’ 5 

Therefore, m x which is is the same as ? 

mo mb mb-^m" 

The foregoing examples prove that the result is the same 
whether the numerator of the fraction be multiplied by the 
given multiplier, or the denominator be divided by it. 
Tins may be easily shown thus: — 


(1) a( ‘^-\) = ^±zip. 

\a — abj a -ah 


a — 1 1 

fa-a5)-r« 1-6* 


and {w+y) 

\aa-bbj x^b ax+ay a 

Let us, once more, have p given us to indicate the value 

■of the fraction and let p require to be multiplied by m. 
b 

This gives m,p ; but m,p^p.m; therefore = . m ; 

h h 

but consequently, is also Prom this 

h b b h 

operation we see that the results of the multiplication of a 
fraction by a whole number, and of a whole number by a 

fraction, are in effect the same: that is, a times is the 

’ x+l 

a - I a: both give ; and a-¥x times 


.a; +1 

n — x , a — x 


x+l 

times a-\-x: both give a — x. 


, IS . 

a+x a+x 

As a consequence of the preceding reasoning, it appears 

that the fraction may be either (1) m . or (2) a . 

6 b b ' 

nr (3) m, or (4) m a-rS; we are therefore entitled to 
b 

conclude, generally, that multiplication and division may be 
changed in the order of their operation. 

Hence (c- 1) is(« + l) and may, as we have 
b ’-a • 6“ " 


-a ' ' ' '' b — a 

«een, also be written (tx+l) (a-1) 


1 

h--d 


It is obvious, therefore, that the product of two fractions 
is a fraction having for its numerator the product of the 
numerators, and for its denominator that of the denominators. 
As the product of any two fractions may be multiplied by a 
third fraction, and the result of these again by a fourth, 
and so on, this same rule may be considered as generally 
applicable to any number of fractions requiring to be multi- 
plied together. It may be stated thus:—i'' iultipiy ail the 
numerators together for a new numerator, and all the de- 
nominators together for a new denominator ; as, 




(l)^xil!:x 


9 y 


bnqy an 2m 




__ Sbr/mv^ 

aac — abb 
~Wc 


The actual process is often shortened by suppressing or 
cancelling, previous to performing the multiplication, all 
quantities common to the numerators and denominators of 
the given fractions, as in the following examples: — 


y y X cx 


I y X c 


ah 

cxy’ 


(2) (^) =1 ; ( ± )=.!, 

\a-b/ \a-^hJ \ m J \a-x/ m 


As a safeguard to the student in working out exercises, it 
may be advisable to remark that when a fraction has the 
sign - prefixed the meaning is that the whole result of the 
fraction is to be subtracted. When the denominator is 
removed, it must therefore be remembered that the sign 
which was placed before the complete fraction no%v belongs 
to the complete numerator. When the numerator consists 
of several terms — the only case in which error can arise — it 
is generally advisable to place it within brackets until the 
operation of subtraction has been actually effected. The 
following example will show what we mean, and may be 
helpful: — 

Multiply by 120. 

The operation may be j>erformed as follows: — 


120,„ TV 120, , 120,^ _ , 120, , , . 


that is, 30 (Zx -l)-M(a-x)- 40(2^’ - 2a) - 16 (xx+b - <?); 
or 90:?? - 30 - 24a -f 24x - 80a? + 80a - 15^^ - 156 + ISc, an^ 
by reduction, 56a - 156 + Ibc + 34^? - 15a?^ - 30. 


ASTRONOMY.— CHAPTER VII 

SAO^URN — PERIOD — COMPRESSION — ITS BELTS — COLOUR — 
SPOTS — PROBABLE ATMOSPHERE — RING — DUSKY RING — 
DISCOVERY OP RING BY HUTGHEN8 — ROTATION OP RING 
— EOOENTRIOITT OP RING — MEASUREMENTS OF RING — 
SHADOWS THROWN BY RING — SATELLITES OF SATURN — 
PECULIARITIES OP lAPETUS — AMOUNT OP LIGHT RECEIVED 
PROM SUN — MASS OP SATURN URANUS — CIRCUMSTANCES 
CONNECTED WITH ITS DISCOVERY — PERIOD — EARLY OBSBR* 
VATIONS — PHYSICAL APPEARANCES — LIGHT RECEIVED 
PROM SUN — SATELLITES— THEIR RETROGRADE MOTION — 
MASS OP URANUS — NEPTUNE — HISTORY OP ITS DISCOVERY 
BY ADAMS AND LE VERRIEE — PERIOD — PHYSICAL APPEAR- 
ANCES — ECCENTRICITY OP ORBIT — SATELLITE — RETRO- 
GRADE MOTION— MASS OP NEPTUNE. 

SATURN. 1? 

Although inferior in size to Jupiter, Saturn is the most in- 
teresting planet of the solar system. It revolves round the 
sun in 10759*2 days or 29*45 years, at a mean distance of 
872,134,000 miles, which an eccentricity in its orbit of 0*056 
increases to 921,105,000 miles, or diminishes to 823,164,000 
miles. Its apparent diameter varies between 14*6'' in con- 
junction, and 20*3" in opposition, and its real equatorial 
diameter may be taken at 71,904 miles. Its polar com- 
pression is larger than that of any other planet, Jupiter not 
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excepted ; but on account of the ring, the most remarkable fea- ; 
ture of this planet (see Plate 11. ), distracting the eye, it is less | 
noticeable than that of Jupiter. Herschel values the com- ! 
pression at 1-10‘34; Bessel at 1-10*19; and Hind at 1-9*02. ' 
Baturn has no perceptible phases. The figure of its mass is 
that of an oblate spheriod. As in the case of Jupiter, only | 
the outline of Saturn’s atmosphere is seen, and not that of | 
the body of the planet itself. Belts are observed on Saturn | 
resembling those of Jupiter, but very much fainter, and tliey | 
are probably of the same physical character. The planet’s i 
ordinary colour is yellowish- wMte, the belts inclining to j 
grayish- white. A powerful telescope will, however, show 
considerable diversity of colour on Saturn, and a marked 
distinction between the yellow tint of the body of the planet 
and the bluish-white hue of ring b. 

The belts of Saturn differ from those of Jupiter in tiie > 
respect that they exhibit at times a sensible cmwature, while | 
those of Jupiter are rectilinear; from this circumstance it is | 
inferred that the plane of the planet’s equator must make a ! 
considerable angle with the ecliptic. Herschel fixes the ' 
period of the planet’s axial rotation at 10 hrs. 29 min. 16*8 sec. 
Spots on Saturn are very rare. Herschel considers that there 
are decided indications of the existence of an atmosphere, the 
satellites when undergoing occultation by the planet’s body 
never disappearing instantaneously. An examination of the 
polar regions shows tliat according as they were turned towards 
or from tl)e sun a difference of hue was perceptible, which 
may reasonably be supposed to be due to snow m those 
regions melting under the sun’s rays, and accumulating in 
the absence of those rays, as in the case of Mars already 
noticed. 

The existence of more than two rings surrounding Saturn 
is now certain, and the system of rings must therefore be 
considered a multiple one, and a subdivision of the exterior 
ring is generally accepted. The discovery in 1850 by Bond 
of an interior dusky ring between the inner ring and the 
planet is a curious and interesting feature, and this dusky 
ring has been observed to be divided into two or more con- 
centric rings. The transparency of the dusky ring was 
established by Jacob, Bawes, and Lassell in 1852. The 
honour of the discovery of the rings of Saturn is due to 
Huyghens in 1659, who seems to have spent several years in 
observing the planet before he decided that the theory of a 
ring round the planet was the only one which would reconcile 
the various observed facts; and to commend his hypothesis 
to the attention of astronomers, Huyghens predicted that in 
tlie month of July or August, 1671, the planet would once 
more appear round, the appearance of the ring having dis- 
appeared. In this prediction he was nearly correct, for 
Oassini, watching the disappearance of the ring, found the 
planet presenting this aspect in May, 1671, or within two 
months of the period predicted by Huyghens. 

The improvement in the telescope has now greatly increased 
the knowledge of the Saturnian system. The true form of 
the rings appears to be circular or nearly so, but as they are 
always viewed foreshortened, they appear more or less oval 
v‘.”hen the Earth is above or below the plane of the rings, but 
v^hen the Earth is nearly in the same plane they apjjear as a 
single straight line. When the Earth is exactly in the plane 
they disappear altogether, except in telescopes of the highest 
power. In the true position of the rings during the planet’s 
revolution round the Sun there is no cliange; they remain 
continually parallel to each other. The plane of the rings is 
niclined 28° 10' to the ecliptic; and whether viewed from the 
hlarth or from the Sun, the phenomena seen in connection 
with the rings of Saturn are much the same, but the motion 
of the Earth in its orbit, the inclination of which differs 
somewhat from that of Saturn, gives rise to certain phases in 
the rings which would not be witnessed by an observer placed 
on the Sun. Saturn’s period of revolution being 29*458 years, 
Uie half of this, or 14*729 years, will be the average period 
elapsing between two nodal passages or the points in the 
orbit of the planet where it intersects the plane of the ecliptic. 
Such a passage took place in 1862. The southern surface of 
the ring had then been visible for 14*7 years. On 31st 
January, 1862, the Sun, passing through the plane of the 
ring, began to illuminate its northern surface, and the Earth 


being also on that side, the ring reappeared. On 1 7th May 
the Earth went to the south, and the Sun remaining on the 
north, a disappearance of the ring took place. The ring re- 
mained invisible, in consequence of presenting its iinillumin- 
ated side to the Earth till i2th August, 1862, when the Earth, 
passing through the plane of the ring to the north, brought 
the northern side into view, wliieh remained so up to 1877. 
The greatest opening out of the ring occurred in August, 
1869, the planet being in 257*5® Ion., and the last great 
opening out of the ring occurred in June, 1885, with the planet 
in 77*5° Ion. From careful examination of the ring, Sir W. 
Herschel ascertained that it revolved round the ball of the 
planet in 10 hrs. 32 min. 15 sec., a period not greatly in 
excess of that of the planet’s own axial rotation, tlie direction 
being the same in both cases. There are, however, difficulties 
in the way of accepting tliis rotation. In 1854-66 Secchi 
made numerous measurements of the rings, but found they 
varied considerably, and also that while those of two con- 
secutive days did not harmonize, those of three and nine 
days agreed; and the idea then occurred to him that the re- 
sults might be explained by supposing the ring to be elliptical, 
presenting sometimes its longer, and sometimes its shorter 
diameter. He was unable to confiim Herscbel’s period of 
rotation mth his own observations, but found that a period 
which corresponds with that which a satellite placed on the 
margin of the ring would have, namely 14 hrs. 23 min. 18 sec., 
would satisfy them. Otto Struve some years since intro- 
duced a system for distinguishing the rings from each other, 
which is now generally adopted. The exterior bright ring lie 
called A, the interior bright ling b, and the dusky ring o. 
When reference is made to the whole system, it is usual to 
speak of the “ ring” in the singular number. The ring is not 
concentric with the ball. Gallet of Avignon announced this 
in 1664, placing the ball nearer to the east extremity of the 
ring as viewed from the Earth. In 1827, Schwabe confirmed 
the eccentricity of the ring, but gave it in the opposite direc- 
tion to that assigned by Gallet. Struve found that at the 
mean distance of Saturn from the Earth, while the diameter 
of the eastern vacuity or space between the planet’s body and 
the ring was 11*288", that of the western was only 11*073", 
showing a difference in favour of the former of 0*215". This 
peculiarity has been shown to be essential to the stability of 
the rings; without this feature and without rotation they 
would fall upon the planet. The following measurements in- 
mean distance from the planet are given by Schwabe: — 


Outer diameter of exterior ring, 
Inner diameter “ 

Breadth “ 

Outer diameter of interior ring, 
Inner diameter “ 

Breadth “ 

Interval between the two, 
Distance of ring from ball, 
Equatorial diameter of bail. 


169,530 miles. 
149,210 “ 
10,160 ‘‘ 
145,768 . ' 

112,758 “ . 
16,503' 

1,725 , 
18,346 
74,417 “ 


Herschel estimated tiie thickness of the rings at not more 
than 250 miles; Bond at only 40 miles. Peirce considered 
that there were good grounds for supposing the rings to be 
fiuid; but it is now generally considered that they are a dense 
aggregation of small satellites, densest where brigiitest, and 
widest apart where most faint. Indeed, it may be demon- 
strated, that if a system of rings of such proportions were 
constructed of iron, it must become semi-fiuid under the 
forces it would experience. Considered as a system, the rings 
are sensibly more luminous than the planet, and b is brigliter 
than A. When at its nodes the ring frequently appears 
broken, showing merely luminous elongated heads seemingly 
detached from one anotlier. This appearance is caused by 
the concurrent effect of light reflected by the edges, external 
and internal, of the rings. The rings are observed to cast a 
shadow on the planet; in general the brightness of the ball 
and of the rings is tolerably uniform, but at times there are 
variations, probably arising from optical effects, and not de- 
pendent on actual change. Bessel, by observing the perturb- 
ing effect of the rings on the* orbit of the sixth satellite, Titan, 
estimated its mass at of the mass of the planet. The 
tMckness of the rings being too small for measurement, no 
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accurate determtiiation of their density is attainable; if it is 
assumed to be equal to the mass of the planet, which is not 
iiiipro liable, the thickness would be about 138 miles, nearly 
the mean of the two estimates of Hersehel and Bond. Saturn 
is attended by eight satellites, Mimas ^ Enceiadus^ Tethys^ 
Rhea, Titan, Hyperion, lapetus, seven of which move 
in the orbits whose planes coincide nearly with that of the 
planet’s equator, and therefore with the plane of the rings also. 
The orbit of the most distant satellite is inclined about 12° 14' 
to the plane of the equator. ■ 

In consequence of this coincidence in the orbits of the first 
seven satellites, if the planet is inhabited they will always be 
visible from both hemispheres when not under eclipse in the 
planet’s shadow. ITrom the small apparent size of most of 
these satellites, the largest of which does not exceed 3300 
miles in diameter, and the smallest some 500 miles, it is very 
difficult to attain an accurate knowledge of their motions. 
Celestial phenomena, as viewed from Saturn, would possess 
extreme magnificence, the rings forming a series of arches 
stretched across the Saturnian heavens. Considering the 
immense distance of Saturn from the sun, its satellites form 
an important factor in the Saturnian sky as reflectors of sun- 
light. The area occupied by all of them taken together, is 
estimated at about six times that covered by the moon. The 
only physical fact yet discovered in relation to the satellites 
of Saturn, is that one of them, lapetus, experiences a con- 
siderable los.s of light when traversing the eastern half of its 
orbit. The conclusions arrived at from this circumstance are, 
tliat the satellite rotates once on its axis in the same time 
tliat it performs one revolution round the planet; and that 
there are portions of its surface wliich are almost incapable 
of reflecting the solar rays. The mass of Saturn has been 
variously estimated. Newton gives it as ttdVt; Lap»lace, 
sAij > Bouvard, and Bessel at Tlie Sun, as 

viewed from Saturn, would only appear about 3' in diameter, 
and the greatest elongations of the orbits of the planets 
Mercury, 2° 19'; Venus, 4° 21'; Earth, 6° T; Mars, 9° 11'; 
Jupiter, 33° 3'; so that an observer on Saturn would only be 
able to distinguish with the naked eye Jupiter, Uranus, 
and Neptune; and Mars by the aid of a telescope: the Earth 
would not be visible. Saturn, on account of its apparent 
slow pace, was selected by the alchemists as the symbol for 
lead. In computing the positions of Saturn the tables of 
Le Verrier are used. Tables of the satellites are as yet 
unformed. 

CTEANUS. % 

The planet Uranus, situated at a distance fron^ the sun 
beyond the orbit of Saturn, was first observed in March, i 
1781, by Sir W. Hersehel, as a small star, in the vicinity of ' 
the star 1 1 Geminorum, in the constellation Gemini, and by 
employing higher magnifying powers he found its apparent 
diameter to increase very considerably, a circumstance which 
conclusively proved that it was not a star, as the fixed stars 
under the highest powers only present points of light. Con- 
tinued observation detected a motion at the rate of per 
hour, and from this circumstance Hersehel conjectured the 
object to be a comet, and made an announcement to that 
effect to the Eoyal Society on 26th April, 1781. Four days 
after its first discovery it was observed by Maskelyne, the 
astronomer-royal at that time, who appeared from the first 
to have suspected its planetary character, and in tw'o or three 
months it became the subject of observation in all the lead- 
ing European observatories. The final determination of its 
motion was only arrived at step by step, and the credit of 
first announcing with any degree of certainty that it revolved 
round the sun in an orbit nearly circular, and that it was a 
planet and not a comet, is due to LexelL A careful inspec- 
tion of the labours of former astronomers showed that Uranus 
had been observed and recorded as a fixed star, at least, on 
twenty previous occasions; as early at 1690 by Flamsteed, 
who recorded it several times; by Bradley in 1748, and by 
Le Monnier in 1750, who recorded it no less tlian twelve 
times. All these early observations have been of great ser- 
vice in determining the elements of the planet’s orbit. U ranus 
revolves round the sun in 30,686*7 days, or rather more than 
eighty-four years, at a mean distance of 1,753,851,000 miles. 
The eccentricity of its orbit amounts to 0*04667, which is, 
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rather less than that of Jupiter’s. At its greatest distance 
from the sun, it is 1,836,700,000 miles, and its nearest ap- 
proach is 1,672,001,000 miles. The apparent diameter of 
Uranus, as seen from the earth, varies but slightly; and its 
mean value is about 3 ‘9". The real diameter is about 33,000 
miles. No comparison has as yet been determined, though 
Arago has pointed out that a polar compression may exist, 
but not be always visible, because a spheroid, when viewed in 
the direction of its axis, necessarily presents a perfectly cir- 
cular outline. It has been calculated that the amount of 
light received by Uranus from the Sun is equal to that which 
would be afforded by 300 full moons. An observer placed on 
Uranus could see Saturn, and perhaps Jupiter, but none of 
the planets included between Jupiter and the sun. The disc 
of Uranus appears uniformly bright, and exhibits neither 
belts nor spots. Its period of axial rotation is unknown, but 
by analogy it may not differ materially from that of Jupiter 
or Saturn. Uranus is just visible to the naked eye when in 
opposition, if the observer knows its precise position. The 
inclination of the planet’s axis is undetermined, Uranus is 
known to be attended by at least four satellites, 
Umhriel, Titania, Oheron, two of which were discovered 
by Hersehel, and two by recent observers, Lassell and 
Struve; but such is their extreme minuteness that only 
the most powerful telescopes discover them. Their chief 
peculiarity is the inclination of their orbits, which for direct 
motion amounts to 101°; or, in other words, their Urani- 
centre motion is retrograde, the planes of the orbits lying 
nearly perpendicular to the planet’s ecliptic. The mass 
of Uranus is variously computed. It is generally stated to 
be about which is the figure given by Madler. The 

tables used for computing the places of Uranus are those 
completed in 1872 by the American astronomer, Newcomb. 

NEPTUNE, f 

'The discovery of the planet Neptune, the most distant 
one of the solar system, is a remarkable circumstance in 
astronomical science. More than sixty years since the 
French astronomer Bouvard made a very careful investi- 
gation of the motion of Uranus, for the purpose of preparing 
tables of the planet. In working up the various observa- 
tions by Flamsteed and others, subsequent to the direct 
optical discovery of Uranus in 1781, he found himself able 
to assign an ellipse harmonizing with the first series, and 
also one harmonizing with the second; but by no possibility 
could he obtain an orbit which was reconcilable with both. 
In consequence Bouvard decided to reject all the earlier 
observations, and to adopt solely those of the more recent 
dates. By this means he was able to produce tables of the 
planet which fairly represented its motion in the heavens. 
In a few years, however, discrepancies appeared between 
the tables and the motions of the planet of so marked a 
character, that some cause other than any legitimate error 
in the tables evidently existed; and Bouvard himself, who 
died in 1840, appears to have conceived that an exterior 
planet was alone the cause of the irregularities existing in 
the motion of Uranus. Tins view of the matter was gener- 
ally accepted by astronomers. In 1843 Mr. J. C. Adams of 
St. John’s College, Cambridge, determined to investigate the 
matter of the hypothesis of an exterior planet, and after 
one and three quarter yeai'’s labour, in October, 1846, for- 
warded to Airy provisional elements for a planet revolving 
round the sun at such a distance, and ^ of such a mass as 
he considered would satisfy the observed perturbations of 
' Uranus. This was virtually a solution of the problem in a 
' theoretical point of view, although at the time the result 
' was not made public. The French astronomer Le Terrier 
of Paris, in the summer of 1845, also investigated the 
anomalous movements of Uranus, and in the November of 
that year issued his first memoir, showing that they did not 
depend solely upon the attractions of Jupiter and Saturn. 
In June, 1846, Le Terrier published his second memoir to 
prove that an exterior planet was the cause of the residual 
disturbance, and assigned elements for it in the same way 
that Adams had done eight months before. The two sets of 
elements were found to agree in so remarkable a manner, 
that Airy suggested to Professor Challis, of Cambridge, to 
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employ the large Northiiinherland telescope in search for the 
supposed planet. On 29th September the new planet 
found. In August Le Verrier published a third memoir, 
containing revised elements, and further observations placed 
it beyond a doubt tliat the eighth-magnitude star observed 
was in reality the trans- Uranian planet. This brilliant dis- 
covery, the grandest of which astronomy can boast, will be 
best appreciated, so far as the general reader is concerned, by 
placing in juxtaposition the observed longitude of the new 
planet when telescopically discovered, and the computed 
longitudes of Adams and Le Verrier; 


Longitude of Neptune as ob.served, , 326° 52'. 

Computed by Adams, 329^" 19''. 

Computed by Le Verrier, 326° 0\ 


Neptune revolves round the sun in 60,126 days, or 164 ‘6 
years, at a mean distance of 2,746,271,000, which an eccen- 
tricity of 0*0087 increases to 2,770,217,000 miles maximum 
distance, or diminishes to 2,722,325,000- miles. The apparent 
diameter of Neptune on]}^ varies between 2*6" and 2*8". Its 
real diaiiieter is about 36,600 miles, a diameter somewhat 
greater than that of Uranus. No compression has as yet 
been observed. Neptune is destitute of visible spots and 
belts, and the period of its axial rotation is iinkno'wii. 
Neptune is known to be attended by one satellite, dis- 
covered in 1846 by Lasseil, and revolving round the planet 
at a mean distance of 220,000 miles. The motion of this 
satellite is retrograde, a circumstance which, except in the 
case of the Uranian sa^tellites, is without parallel in the solar 
system aa regards planets, though there are many instances 
of retrograde comets. The mass of Neptune is variously 
estimated. Struve gives it as ivfte, Bond a.s Hind 

as TfiwG, Madler as t-Astt ; and Safford (the most recent 
estimate), as Owing to its immense distance from the 

sun, only Saturn and Uranus could be seen from Neptune 
were an observer placed on that planet. 
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.smooth, flowing, and pleasing curvilinear forms. On looking 
at the lower division of Plate II., the student will perceive at 
once the superiority in fairness of form of the classified alpha- 
bet shown there as compared with the one supplied in the 
upr»er lialf of the same Plate. In the larger proportion of 
tliem it will be seen tliat the Hogartluaij grace-line ap]>ear,s 
coiispicuou.sly, and that in many also the oval—vrbich presen is 
a specially pleasing form— lias a distinct place. In the six 
letters occupying the first line, and represeirting, in the order 
named, I, T, F, P, B, and R, these two type-forms prevail 
The main or stem grace-line is in each Liogarthiaii in its 
serpentine sinuosity and subtle pliancy Tliat specific line is 
not only the cirie'.f and primary element of each of tbe.se 
letters, but the guide to and the index of tlieir beauty. If 
tlie writer fixes his mind on this peculiar part and diseern.s 
clearly (!) the speciality of its s!o'pe,'(2) the precii^e iinion- 
point of the altei-nating curves, and (3) the gradaticn of the 
shading ox the line as a whole, he should be able easily to 're- 
produce that grace-line hannonioiisly and - effectively. It is 
of great importance tliat this slioiild be done, as upon the 
elegance and proportionateriess with vrhich this main-line is 
produced the character of the whole letter depends. To 
acquire such a caligrapliic mastery over this specific line as 
to be al)Ie to produce it, with unerring accuracy, of any length 
that may be requisite, demands care, skill, and perseverance. 



OAPITAIiS HAVING GEACE-LINE3 AND OVALS, WITH ANALYSIS 
OP THEIE ELEMENTS. 

Geaoe of form is pleasant to the eye and gratifying to the 
mind. The love of the beautiful is widespread, and the 
delight felt in looking upon loveliness of outline and contour 
i.s vivid and inspiriting. The useful is agreeable, the beauti- 
ful is exquisite. When to the u.seful beauty is added, a charm 
which captivates indicates the attractiveness of the union. 
In penmanship, as an agency for the registration and trans- 
mission of knovdedge, sentiment, and thought, one quality 
beyond all others is imperatively required— legibility. But 
the acquisition of a good, general, easily-read, current style of 
writing, though it may be all that is necessary and indispen- 
sable, is not all that is desirable. The mere linear execution 
of an exercise in writing may be done with absolutely faultless 
neatness, and yet be wanting in that pleasant sweetness of 
appearance, slope, pliancy, and sweep which indicate the 
thorough mastery of the principles of grace. Ability to widte 
a large, plain, bold, neat, legible hand ought to be diligently 
aimed at; but the persistent perseverance required for the 
attainment of that power need not end when that is success- 
fully achieved, and it can be said, of each letter, that it is 

“ Made all aright by rule most absolute,” 

A continuance in well-doing will soon enable the earnest 
practitioner to add elegance and grace to correctness and 
proporiion of form. It is easier, however, to carry with us 
through all our efforts the ideal of grace, and to aim at inter- 
penetrating all we do with it, than to re^rd it as an after- 
aim for subsequent endeavour and accomplishment. Though 
we have presented in our Plates on penmanship precisely 
classified specimens of letter-forms sufficient to supply in- 
struction in a systematic way in all that is essentia! to legible 
writing, we have also set before the student a set of ‘^fiowing 
grace capitals”, possessing considerable elegance and requiring 
for ihhir proper execution some readiness and de3iterity. of 
|.^oV^y/ayd; some' taste*, |,hd‘''S^ producing 



This may be practically set about by taking a sheet of paper, 
and after ruling it somewhat in the style showm above, 
making the length of the lines of as many differing propor- 
tions as may be desirable, and then proceeding to fill up the 
sheet with grace-lines from large to small, decreasingly, on 
the left-hand division, and, on the right, from small to large 
increasingly. The grace-line stem should be begun at about 
three and a half times the height of the small letters, which 
[are to] form the body of the writing. It is taken down with 
a curve convex towards the left for one-lialf of the entire 
length, and when that point is reached, but witliout any rest 
or stop, it is to be changed into a curve convex towards the 
right and carried along to the- base-line, where a broad 
sweeping turn is to be taken upwards, and, also without 
stopping, run on into the formation of the terminal oval. 
The shading of the stem commences at the lo'wer half of the 
upper curve, and goes on to the middle of the lower curve, 
thickening gradually till the junction of the curves is reached, 
and thinning gradually in the first half of the lower curve. It 
■will therefore have its widest part or greatest thickness just 
at the point of junction. Some caligraphists, however, prefer 
making the shading occupy only the lower curve to the right, 
as doing so provides, they think, a more convenient place for 
the application of the requisite pressure. In forming this 
line, the pen should be held lightly, not grasped tightly, and 
the whole hand ought to move freely and nimbly. , The lower 
half of the line should he precisely the reverse of the upper. 
The movement should be uniform in its sweep, and the line 
ought to he immediately formed by one down-stroke, of the 
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,|>eii . The . impormace of I bestowing paiiiKtakiag care on 
acquiring facility' in the.formatiou of 'thiS 'grace-H'ne will, be 
seen at once, wlien it is observed that it occupies a chief 
place in nearly two- thirds of the whole collection of letters. 

Unfortunately, teaching, to bC' effective, requires to proceed 
by analysis, and tiiat involves the fixing of the entire atten- 
tion on each part separately, however intimate their, union 
may be and oiigfit to lie in the comfilete whole. Had it not 
"Deen so, v/e sliould have pointedly made our description of this 
main grace- line include the terminal oval. That, however, 
iis the next element 'to be attended to. This oval begins on 
tlie base-line, just where the loiver curve, having joined that 
line, would naturally show a tendency to rise.' There the 
curve runs into [and ought to be uninterruptedly continued 
so a>s to„foriii] the ovai with wiiich the iineds terminated, and 
of which it.foTiiis a part. .. This terminal oval requires con- 
siderable care to keep it' from showing any angular appearance, 
arising either from stoppage' between the forming of the line 
and the oval, or from making any rapid change of. curvature, 
in the course of the elliptical sweep. Perhaps the best- 
'■method: of acquiring a correct and manageable Idea of this 
specific oval is to rule a piece of paper with lines of varying 
depth as regards distance, and divide these ruled lines into 
distinct divisions, into eacli of wiiich we may place [or sup-' 
pose to be placed] two lines, arranged like the inner frame 
of a child’s kite — the long intervening horizontal line being 
ai?our. one-iialf longer than the tlistance of the ruled lines, and 
being crossed by a perpendicular line touching these ruled 
lines on either side. Makiiig a beginning at about one-eighth 
of the space- length, (1) proceed to form an elongated curved line 



to the left, carrying it, in its course upward, a half width; (2)make 
.along tlie upper half an inverse line constituting two arcs of 
•an ellipse, and (3) bring it down to the half width indicated by 
the longer of the two inserted lines, and then (4) carry the line 
round parallel to that made on the base-line until the junc- 
tion of the crossing interlines is reached. It will after- 
wards be advisable to practise the taking of the whole grace- 
line and oval in one sweep, giving special care in doing so not 
to hesitate in the forming '"of the oval curve; for if that be 
done it is sure to occasion an unsightly angularity in the 
elliptical part of the line, on the due curvature of which the 
■elegance of the oval so much depends. 

The practice thus gained in forming elliptical lines, will 
simplify the operations required to finish off the individual 
letters. The addition of three-fourths of an oval, slightly 
elongated at the upper end, where it joins the grace-line, 
completes the I. Seven-eighths of a small oval running off 
into a nearly horizontal grace-line, and crossing the main 
stem-line as if balanced on the top of it, having two-thirds of 
its length on the left side, form the letter T. Through the 
midst of the main-stem in the form of T, a small grace-line 
ending in a loop gives F. The upper portions of P, B, and 
B are precisely similar, and consist of an elliptical form, 
interrupted in the under side, so placed that two-thirds of it 
or thereby is on the left of the main line, and the other third, 
being carried across the grace-line, is brought roundso as nearly 
to touch it, and turned off with a small upward curvilinear 
sweep. In the case of P this is enough. In B, besides (1) the 
main grace-line and (2) this ovalesque heading, there is added 
(3) an almost perpendicular ellipsis looped on to the ovalesque 
head, and occupying the space between it and the base-line. 
In R there is looped on to the heading on the right a form 
similar to the second part of a small letter n, which on 
reaching the base-line takes an oval ornamental sweep, when 
letter stands alone; but if it is joined to following letters 
it retains its usual plain upward semi-oval turn. 

■ It will easily be understood that these somewhat tedious 
-endeavours at descdMng things so simple, are rather intended 


to guide the student in his analytical survey of these letters 
with the Plate before him, than as directions to be implicitly 
followed without this illustrative aid. It often happens that 
the very simplicity of the things we are accustomed to see in 
nature and in art makes any attempt to give, in descriptive 
detail, an accurately expressed idea of them, seem, and 
probably be, “ weary, stale, fiat, ami unprofitable.” Words 
which run trippingly ;from the tongue, often appear, wlien 
duly set before the eye, tediously prolix. This we can 
scarcely hope to have avoided, though we have diligently 
abstained from presenting to the student any unnecessary 
descriptive term, and may, we fear, from mere familiarity 
of form, have left some element unnoticed in our current 
explanation. 


NATURAL PHILOSOPHY.— CHAPTER XIII. 

AIIl-PUMPS — SPBEXO-EL’s PUMP — AIE-GAUGES — COXDENSIKQ 
SYRINGE-— PNEUMATIO DISPATCH — PNEUMATIC EAIEWAY — 
AIE-OONDENSINQ ENGINE — FORGE BELLOWS — MECHANICAL 
FOG-HOBNS^ — SUCTION-PUMP — FORCING-PUMP — FIRE-ENGINE 
— LIFTING-PUMP— DIVING BELL — AIR-GUN — ANEMOMETERS 
— APPLICATIONS OF HYDRODYNAMICS. 

The two laws which have been established in connection with 
gases — namely, that air is a heavy elastic fluid, and that the 
density of a gas varies with its pressure — serve to explain most 
of the phenomena exiiibited by gases at constant tempera- 
tures and the action of a great variety of pneumatic instru- 
ments. The suction of air from an inclosed vessel is the 
same mechanical operation as that of pumping water. The 
common pump does the work simply by exhausting air until 
the water rises by atmospheric pressure, and the ordinary air- 
pump is the same apparatus as a suction pump, the difference 
consisting mainly in the construction of the valves and more • 
^iccurate fitting of the parts of the apparatus. The air-pump 
is therefore an instrument by which a vacuum can oe pro- 
duced in a given space, or by which air can be greatly rarefied, 
as an absolute vacuum cannot be obtained by its means. 
It was invented by Otto Guericke in 1650, shortly after 
the invention of the barometer. In the air-pump it be- 
comes necessary to counterbalance or remove the pressure 
of the air on the upper surface of the piston, otherwise the 
labour of working the air-pump would be considerable. This 
may be ascertained by attempting to draw up a piston, 6 inches 
in diameter, from the bottom of an open cylinder into which . 
it fits closely. The area of the piston being 28*27 square 
inches, a force exceeding 415 lbs. would be required to raise 
it. In all air-pumps the pressure of the air above the piston 
would be 14*7 lbs. on the square inch, and that below the 
piston in the cylinder would soon, by the action of pumping, be 
reduced to less than 1 lb., so that the atmosphere would oppose 
the ascent of the piston by a pressure exceeding 14 lbs. on 
the square inch, and would afterwards cause the piston to 
descend with the force of a violent blow. The force of this 
descent is therefore regulated by the exhaustion or diminished 
pressure of the air upon the under side of the piston. Upon 
this principle the coining presses at the Royal Mint were for 
many years worked. The force of the blow required to im- 
press a steel die upon a blank piece of metal is much greater 
for the coining of a sovereign than for that of a threepenny 
piece; the piston imparting the blow was therefore raised 
through a cylinder in one direction against the full pressure 
of the atmosphere, and then suddenly set free; the returned 
force of the blow was regulated by the opposing resistance of 
the diminished air pressure within the cylinder, so that the 
recoil depended upon the degree of exhaustion of the air, 
which could be regulated with the greatest nicety to the re- 
quirements of the coinage. In the coining process now 
adopted at the Mint, the impress of the blank piece of metal 
is effected by a powerful squeezing action between two steel 
dies; the lower die is fixed on a bed of iron, and the blank 
being laid in position upon it, the upper die is brought down 
by the straightening of a toggle joint. The exact interval 
between the dies at the moment of impressing the coin ia 
regulated by a steel wedge set in position by a regulating 
screw. The ordinary form of air-pump is shown ip elevation 
and section (Plate XII.) 
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Smeaton’s air-pump (fig. 3) consists of a hollow cylinder 
E, shown in section (fig. 4), communicating with a receiver 
A by a tube /. There are three air valves: one at the bottom 
of the cylinder, at e, another in the piston, and a third at the 
top of the cylinder, at When the piston moves from the 
bottom to the top of tlie cylinder — that is, from e to n — the 
centre valve closes; but the other two valves, top and bottom, 
open, and the air from the receiver a rushes into the lower 
part of the cylinder through the bottom valve e, while the air 
in the cylinder above the piston is expelled through the 
upper valve g. When the piston descends the waives g and c 
close, while the centre valve in the piston opens, and the air 
in the cylinder is forced through it ready to be drawn out on 
the next elevation of the piston. Thus the piston is relieved 
f ]'om the pressure of the external atmosphere by the upper 
V'^Jve g on the cylinder. The air-pump valve is made of a 
small strip of oiled silk stretched over a hole in a plate, and tied 
round with a thread. The silk strip is lifted by the air suffi- 
ciently to allow of its escape; but when the silJc is pressed on 
the plate of the valve, the valve is perfectly closed. If A be 
tlie volume of the receiver, B the volume of the cylinder, 
P\ p\ densities of the air in the receiver after 1, 2, 3 

strokes respectively, then (A-pB)=jDA, (A*f B)— jp^A, 
and so on; thereforep^,/>\jP^(A-}- B)^==y?y?^y?^A®, therefore 
(A-fB)®~^A®. If this goes on for n strolces, then jp"(A -f-B)” 
=pA” which gives the density or pressure of the air in the 
receiver after n strokes. 

Hawksbee’s air-pump is the form most commonly in use; 
it consists (figs. 1 and 2) of two cylinders aa^ aa^ placed side 
by side, but open at the top to the external air. The air pres- 
sure is nearly the same on both pistons, which are furnished 
with valves, as in Smeaton^s air-pump, and the piston-rods are 
worked by a pinion placed between them and gearing witii a 
rack p, c, on each piston-rod. As one piston rises the other 
descends, so tliat the atmospheric pressure is counterbalanced, 
and the exhaustion of the air from the receiver k by the 
pipe h is very rapid, but not very perfect, for the valves 
in the pistons will soon fail to open, on account of the pres- 
sure of the external air overcoming that in the valve passages. 
In the action of all air-pumps the air rushes from the receiver 
into the pump barrel, and follows the piston during the stroke. 
A mass of air cannot, however, move without the expenditure 
of heat, and the heat necessary for its motion is taken from 
fehe air itself. Therefore the air in the receiver of the air- 
pump is chilled during the exhaustion, and a cloud of vapour 
is formed inside the receiver during the first few strokes. If 
the air be charged with moisture a very striking effect is 
produced. 

Glrove's air-pump has only one valve, opening outwards at 
the top of the cylinder, and besides being more simple in 
construction is more perfect in the vacuum obtained. The 
tube from the receiver is brought to a point in the side of the 
cylinder somewhat nearer the bottom, by which means a solid 
piston does the work of pumping. The exhaustion is effected 
by passing the piston below the opening of the tube in the 
side of the cylinder; the air in the receiver fills the space be- 
tween the depressed piston and the top of the cylinder; on 
the return stroke this inclosed portion of air is swept out of 
the cylinder, escaping by the valve. The exhaustion will go 
on until the air compressed in the cylinder becomes unable to 
raise the valve. 

Tate’s air-pump combines the advantage of double action 
with a single barrel, and is an improvement upon Grove’s 
principle. The barrel is generally horizontal, and communi- 
cates with the receiver by a vertical opening in the centre of 
its length. The piston occupies a little less than half the 
length of the barrel and consists generally of two discs rigidly 
connected together by the piston-rod which unites both. The 
barrel is furnished with two valves at either end of it, open- 
ing outwards. When the piston is driven down, the air from 
‘ the receiver, entering by the central hole in the side of the 
barrel is expelled through the end valve, and on the return 
of the piston that valve closes, and the air in front of the 
piston is expelled through the other valve. In this way a 
certain volume of air, equal to about half the contents' of the 
barrel, will be removed at each stroke of the piston; and as 
the difference of pressure at the two ends of the piston dc- 
' i I ' . ‘r,' '*/ '< . . 'V , - 


creases with every stroke, the working of the pump becomef;. 
easier as the exhaustion of the air increases. . 

In DeleuiFs air-pump the piston is of considerable length, 
and consists of a series of accurately constructed metal discs 
bolted together. The piston works easily and smoothly in 
the barrel, and neither packing nor lubrication is required, 
as the air in the space between the piston and the barrel acts 
as the lubricator. The internal friction of the air in this 
confined space is so great that the rate at which it leaks into 
the barrel is far less than the rate at which the pump ex- 
hausts the air from the receiver. This pump works very 
satisfactorily up to a considerable degree of exhaustion. 

The most perfect air-pump is that devised by Sprengei, 
which depends on the principle of converting the space to 
be exliausted into a Torricellian 
vacuum. When an aperture is 
made at the top of a barometer 
tube, the mercury sinks and draws 
in air. If it be so arranged as to 
allow air to enter along with mer- 
cury, and if the supply of air be 
limited while that of mercury is 
unlimited, the air will be carried 
away and a vacuum produced. 

The most simple form of the 
Sprengei pump consists of a 
glass tube longer than a baro- 
meter tube, open at both ends. 

At the upper end a funnel is con- 
nected by means of a short india- 
rubber tube, and supported by a 
stand in a vertical position. When 
the funnel is filled with mercury, 
the fluid is allowed to fall into the 
tube at a rate regulated by a clamp 
pressure on the elastic tube; the 
lower end of the tube fits into a 
flask, which has a spout at the side 
a Ittle higher up than the lower 
end of the tube. The upper part 
of the glass tube has a branch, to 
which a receiver can be tightly 
fixed. When the clamp pressure 
at the funnel is loosened, the mer- 
cury flows down the tube in a 
series of drops or cylinders separ- 
ated by an interval, and as one has 
pas.sed the opening of the receiver, 
the air in the receiver expands 
into the next space between the 
drops; this small portion of air is 
immediately cut off by the next 
following drop, and can never 
return, being carried down the tube 
with the mercury. Thus the whole length of the tube is filled 
with cylinders of air and mercury having a downward motion, 
and the receiver is exhausted by the continual abstraction ol 
portions of air which constantly enter the tube from the re- 
ceiver. The air and mercury escape from the lower flask 
into a basin, where the mercury is collected and poured back 
into the funnel, to be repassed through the tube until the 
exhaustion is complete. As this point is reached, the inclosed 
air between the mercury cylinders diminishes until the lower 
part of the tube forms a continuous column of mercury about 
30 inches high. The Sprengei pump is Grove’s pump under 
an improved form, and the degree of exliaustion which can be- 
effected by it is a very near approach to vacuo. The appara- 
tus has been employed with great success in experiments in 
wliich a very perfect exhaustion is required, as in the pre- 
paration of incandescent electric lamps and the preparation 
of Geissler’s tubes. In some experiments with the Sprengei 
pump, Crookes obtained by chemical means a vacuum of 
of a millimetre. In these Iiighly rarefied media the 
pressure is so small that it is very difficiilt to measure minute 
differences. McLeod has devised a very valuable gauge for 
such purposes, the principle of which is to condense a meas- 
ured volume of the highly rarefied gas to a much smaller 
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•volume, and then to measure its pressure under the new con- 
ditions. The most perfect vacua are obtained by absorbing 
the residual gas, after the exhaustion has proceeded as far as 
possibie, either mechanically or by some substance with which 
it combines chemically. 

The pressure of the air in the receiver of an air-pump, 
•after any number of strokes, is indicated by a gauge, which is 
generally attached to the connecting pipe of the air-pump. In 
its simplest form it consists of a straight tube fig. 1, 
Plate XII., open at both ends; the upper end is connected with 
the receiver, and the lower end dips into a cup of mercury. 
As the air is removed from the receiver the pressure inside the 
tube is less than that on the mercury in the cup, and the 
mercury rises in the tube. If the barometer at the time 
stands at 30 inclies, and the mercury has risen 4 inches in 
the tube, the pressure of the air in the receiver is 30 --4 — 26 
inches. The length of this form of gauge renders it some- 
what inconvenient. The gauge usually employed consists of 
a bent tube (fig. 6) having one end closed and the other 
open. Each branch is about 10 inches in length, and the 
closed end is filled with mercury, the weight of which is supported 
by atmospheric pressure. The open end of the tube communi- 
cates with the receiver of the air-pump. The first few strokes 
of the pump do not produce any change in the gauge, but as 
soon as the tension of the air in the receiver is less than the 
pressure due to the column of mercury in the closed end of 
the tube, the mercury begins to fall, and the difference of level 
of the mercury in the two ends measures the pressure of the 
air in the receiver. 

The employment of vacua and atmospheric pressure in long 
tubes is largely utilized for the transmission of telegraph 
messages between station and station and the central offices 
in cities and large towns. In Paris, London, Manchester,! 
Q-lasgow, and other places, the pneumatic despatch tubes are 
In constant use. They consist of leaden pipes about 3 inches 
in diameter, perfectly smooth, and uniform inside from end 
to end, inclosed in iron piping laid down in the streets, and 
brought up into the various local stations, where the tube may 
be opened or closed for the despatch or delivery of a message, 
by a special arrangement of air-tight valves and shutters. 
Continuous vacuum pressure is maintained throughout the 
length of the tube by a puniping engine exhausting the air 
from the end of the tube in the central station. The paper 
messages to be sent along the tube are folded up and placed 
inside a small cylindrical plug or carrier, which exactly fits 
the tube, and which on being placed in the valve avrange- 
ment at the local station enters the main tube and is at once 
shot or sucked forward with great velocity by the pressure of 
the air into the receiving chamber at the central telegraph 
station, from whence they are transmitted on to their destina- 
tion. The employment of tlie pneumatic despatch enables a 
vast amount of local telegiaphic business to be carried on 
entirely by mechanical means. The pneumatic railway laid 
down by Sanmda in 1847, between Exeter and Teignmouth, 
on the Scmth Devon coast, was also upon the principle of 
vacuum pressure propelling forward a piston in a tube. The 
carriages were attached to the piston by an arm passing 
through a longitudinal flexible slit valve on the top of the 
tube, kept closed by external atmospheric pressure, and which 
opened as the arm of the piston traversed the tube, and was 
again luted down by a heavy roller attached to the carriage 
as it passed along. The velocity attained sometimes reached 
80 miles an hour, but as frequently, owing to leakage along 
the continuous valve, the speed declined to little more than a 
walking pace. Ultimately the principle was abandoned as 
unsuited for the exigencies of railway transit. To maintain 
the vacuum in the tube, powerful air-pumping engines were 
erected at each station, which were severally set going by 
signal to exhaust the next section of tube in advance of the 
approaching train. 

The condensing syringe (figs. 1 and la, Plate XIII.) con- 
sists of a cylinder a b, opening into the air at f, and having 
two valves, one on the piston g, opening towards b, and 
another/, at the bottom of the cylinder. As the piston moves 
from A to B the valve g closes, while the air in g b is forced 
through the valve / into a receiver e, tightly screwed upon 
the bottom of the syringe. On the return stroke / closes and 
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g opens, and the space b f again becomes filled with a «uppi} 
of air, which is ready in its turn to be forced through /into 
the receiver. If the machine works perfectly, the "same 
quantity of air will enter the receiver at each stroke of the 
piston if it is moved through the whole length of the barrel a b. 



Apparatus for the Liquefaction of (rases. 
kl condensing syringe ; r, reservoir of condensed gas; p, vessel containing 
refrigerating material; s, pipe supplying the gas. 

It has been used in conjunction with intense cold in the 
liquefaction of gases. 

The supply of compressed air to blast furnaces demands a 
special form of condensing pump which is analogous to the 
pump for forcing water, and Is a double-acting condensing 
syringe on a large scale. There are no valves in the piston, 
but there are four valves in the cylinder, two placed top and 
bottom, opening inwards for the admission of air, an<i two 
on the side, opening outwards for its exit. An external 
pipe or chamber inclosing the two valves for the exit of 
the air leads to a receiver in which the compressed air is 
stored up; when the piston descends the top valve and 
lower side valve will open, and the bottom valve and upper 
side valve will be closed by atmospheric presisure, while on 
the ascent of the piston the reverse takes place. A quantity 
of air is thus forced into the pipe leading to the receiver at 
each up and down stroke of the piston. 

Another important application of compressed air is the 
smith’s bellows. The ordinary bellows has an intermittent 
action, but the forge bellowvs has a continuous discharge of 
air. This is effected by a double chamber,, the lower one 
corresponding to an ordinary bellows, and liaving a valve in 
the upper board opening upwards into the upper chamber. 
When the lower board fails the lower valve opens, and the 
chamber becomes filled with air. Upon raising the lower 
board the valve closes, and the contained air is forced through 
the valve in the middle board into the upper chamber, from 
whence it escapes by a pipe in a blast. A weight on the upper 
board keeps the air in the upper chamber under a pressure 
which may be adjusted, and the escape pipe is contracted at 
the nozzle, so that the air flows out less rapidly than it is 
pumped in. By this means the supply is continuous. 

Compressed air is likewise employed to sound the powerful 
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fog syrens, fixed at various stations around the coast, and is vented from returning by the valve f. In this way vvaLer 
also made use of in the Hoiines' mechanical fog-horn. The can be forced up to any height consistent with the strength of 
condenser in tliis latter apparatus consists of two cylinders, the pump and valves, or can be made to rise in a jet from the 
the one working in tlie other to form a hollow* piston. The upper end of the pipe. No flow of water from the pipe k v, 
external cylinder is closed at the bottom by the trumpet- however, takes place during the ascent of the piston in the 
mouth of the horn, which has its conical tube and reed barrel. In order to produce a coiUmuom stream tiirougr! 
carried up through the centre of the cylinder to nearly reach the pipe at v the end of the pipe qe is introduced into an 
the top,; the Upper end of this cylinder is open. The internal air-tight chamber, into which the valve f opens. When the 
cylinder, which takes the place of the piston, is open at the water has been forced into this chamber till it rises above the 
bottom and closed at the top, so that it is free to work up lower end, qe, of the pipe, the air wliich is contained in the 
and down within the external tube over the interior tube of chamber between the surface of the water and the top of the 
the trumpet. A handle attached to the upper plate of this chamber, is suddenly compressed at each stroke of the piston, 
cylinder enables it to be drawn out and again forcibly and by its reaction on the winter forces it tlircmgh the pi])*? 
depressed. On drawing the piston cylinder out a certain ev in a continuous stream. This piinchple is applied in ' tiv-- 
length air passes in through the reed of the trumpet and fills construction of the fire-engine, which consists oi a double 






the chamber. On depressing the cylinder the air is com- ^ 

pressed, and issuing through the reed causes the trumpet to 

emit a very powerful blast, which is continuous so long as the , ^ ^ ^ 

cylinder is descending. These fog-horns are largely used by v mi ' " I'l", 

vessels of the mercantile marine at home and abroad. i' 1 

The common or suction pump was invented about 200 j i .J 

years before the Christian era. , Its action was not, however, IlSil 

understood until after the invention of the barometer tube V i ImVW jMf'I'i 

for measuring atmospheric pressure. If air be sucked out of C 

a tube dipping into water, the pressure of the atmosphere i|j||j || f I 

will force the. water up the tube, and will sustain a column of || yB|i }m . 'f— I 

about 32 feet in height. The weight of this column of water ®| Bw m' ^ -bVa r 

therefore equals the atmospheric pressure without; and if ri 1 

some of the water be removed more liquid will be forced up rl j 

to supply its place. The action of the suction pump is there- I 

fore dependent upon atmospheric pressure. Pumps are 

divided into three classes — the suctmi or Uft-pwnp, the 

force-pump, and the suction and forcing pump. The s%w- Double Forcing-pump. 

tion-pump consists of a cylinder fitted with a piston and 

valve, and connected by a second valve with a pipe, the end forcing-pump, a a, connected with an air-chamber, e. The con* 
of which is pierced with a number of small holes, and placed staiicy of the jet of water thrown up is obtained not only by 
under the surface of the water in the well or reservoir, the the reaction of pressure in the air-chamber, but also by the 
liquid in which it is required to raise. A common suction alternate action of the two force-pumps. The two pistons 
pump is shown fig. 2, Plate SIIL in section, a. son is the are worked by a lever, so that one ascends while the other 
barrel, z the piston working in the barrel, f the piston valve descends. Every time the pistons momentarily stop, the flow 
opening upwards, e the pipe valve, also opening upwards into is maintained by the elasticity of the air in the air-chamber, 
the barrel. The suction pipe dipping into the well is attached The lifimg-pump is a modification of the common pump, in 
at A 0 , the perforated end of which is below the surface, m n, which the water discharged from ohe pump barrel, which is 
of the water to be raised. The action of the pump is as closed at the top, enters a pipe furnished with a valve, and 
follows: — ^When the valve F is at the bottom of the barrel the communicates with the spout at any required elevation. 




Double Forcing-pump. 


whole cylinder will be fuU of air, and the level of the water 
M N will be the same inside and outside the suction tube. If 


Fig. 4 is a section of an ordinary form of lifting-pump. 
The barrel b n is inverted, in which a piston works up and 


the piston z be now raised to ki, the valve f will close and down by the connecting rods, y x, attached to the guide rod, 
the vab’e e will open, because the pressure of the air in the t z , where the power is applied. The valve f opens upwards.. 



suction pipe is much greater than that in a k i o, the portion When the piston ascends lifting water the valve f opens, am^* 
of the barrel under the valve f. Hence the water rises to the water is discharged into the pipe v. . I 

some point, a? u, in the suction pipe above the level, m n, of When the piston descends the valve at f j \^ \ 

the reservoir. On the descent of the piston z the valve f closes, and prevents the return of the water 
opens and e closes, so that the air in the barrel escapes in the pipe into the barrel. Each stroke of 

through F, the column of water in the suction pipe remaining the piston increases the quantity of wat(‘r 

stationary at siu. On the next ascent of the piston the in the pipe v, and thus the water may be 

same action takes place, and more air being withdrawn the raised to any height, provided tlmt the 
water rises to a higher level, yz, in the suction pipe, until barrel and pipe and the piston rod be '' 
finally the water rises through the valve e. It is then com- strong enough to bear the pressure of the 
polled to pass through the valve f, and is lifted by the piston superincumbent column of water. Very 
till it flows out of the spout o at the top of the barrel. The powerful steam lifting pumps are employed 
length of the suction-pipe in this kind of pump is restricted for mining purposes, to keep coal-pits 
to 28 or 29 feet between the level m h of the water in the emptied of their rapidly collecting waters, 
reservoir and the valve e. Practically beyond this distance A rod, fixed to the end of the beam of a 
atmospheric pressure will not lift the water, as the vacuum steam-engine, rises and falls in accordance 
produced in the barrel is not perfect, owing to the piston not with its upward and downward motion; 
fitting accurately on the sides of the barrel. When the the mouth of the shaft is preserv^ed 

water has passed the piston the height to which it can be entirely free and open, and the pump-rods 1 

brought depends upon the power which gives motion to the are also kept clear of any obstruction, 
piston. The action of (fig, 3, Plate XIII.) de- When a glass tumbler is inverted with 

pends both on exhaustion and pressure, and the piston has no its mouth horizontal, and is pressed down 
valve. The action is the same as the suction-pump, until the into a basin of water, it will be found 
water enters the barrel o h. Then as the piston p is raised, the that though some portion of water ascends into the glass the 

. water occupies the space beneath it, and passing through the greater part of the glass is without water. This is caused by 

valve F rises in the pipe e v to the same level as in the barrel the compression of the air, which prevents the water from 
As the piston descends the valve e is. closed, and all the rising in the glass. ^ The diving bell works on the same 
water contained m the barrel is forced up the pipe and pre- p^ciple. A heavy iron chest, open at the bottom, is sus^ 



)n descends the valve e is. closed, and au the nsing m the glass. ^ The diving bell works o: 
ne4 m the barrel is forced up the pipe and pre- 1 p^ciple. A heavy iron chest, open at the hot 
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pended from a cliain and lowered into the water with its open 
eiid downwards. The water will then rise till the air in the 






Divers repairing Floor of a Lock. 


chest is sufficiently compressed to prevent the water ascend- 
ing I^yond a certain height. Air is pumped into the chest 


through a pipe communicating with an air-pump at the sur- 
face, and the impure air is allowed to escape through another 
pipe. The diving dress and helmet are only another appli- 
cation of the same principle. It is lai-gelj employed in all 
submarine engineering operations, such as the construction 
of piers for bridges, the laying of the foundations for break- 
waters and jetties, the raising of sunken vessels, the blasting 
of rocks under water, &c. 

The force of Jiighly compressed air is made use of in the 
air-^gun for projecting bullets, in which the propelling j)ower 
is the rush of condensed air allowed to 
escape from a chamber, instead of the 
formation of gases arising from the 
ignition of gunpowder. Fig. 5, Plate 
XIII., is a form of air-gim in which 
tiie compressed air is contained in a 
chamber in the gun - stock. The 
mechanism by which tije trigger liber- 
ates a portion of the condensed air for 
the propulsion of the bullet is seen in 
the section, and the mode in which the 
air is condensed in the detachable stock 
by means of a syringe in the annexed 
cut. 

The anemomter is an instrument 
for registering the velocity and pressure 
of currents of air in the 
atmosphere. This is 
generally effected by ob- 
serving the mechanical 
effect which is produced 
on the apparatus. The 
anemometer "svas origin- 
ally invented by Wolf 
in 1746. The instru- 
ment, as constructed by 
him, consisted of four 
small sails, like those of 
a windmill, which turned 
on a horizontal axis. 

This axis was connect- 
ed by wheelwork with 
another bar, carrying a 
pointer and kept in the 
vertical position by a 
weight at the lower end. 

The wind acting on the 
sails caused this pointer 
to turn in a vertical 
plane, and when in such 
a position that the weight 
on its counter balanced 
the pressure of the air 
current on the sails, the 
angle which it made with 
the vertical line passed 
through the axis indi- 
cated a measure of the 
wind’s force. 

Lind’s anemometer (fig. 

6 of Plate), consists of two 
glass tubes, A B, o n, about 
§ inches long and One- 
quarter inch diameter, 
connected together at the 
bottom by a small bent ^ 
glass tube, a o, one-tenth stock of Air-gun. 
of an inch in diameter, 
to check the undulations of the water in the 
tubes, caused by any sudden pressure of wind. 
On the upper end of the tube, ab, is fitted 
a thin metal tube, having its mouth, open 
in a horizontal direction to receive the wind. 
The two branches of the tube are connected to 
a steel spindle, k l, by brass arms, the sliding 
sockets of which, e and/, enable the instrument to turn < 



about the spindle, which is fixed into a block by a screw at 
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its lower end. When the instniment is used water is poured j 
in at j’ till the tubes are half full; then by exposing it to the ' 
wiii^ tb® F, forces the water ] 

lower down in the tube, a b, and raises it correspondingly 
liigher in the tube, o b ; and the difference between the 
heights of the surfaces of the water in the two tubes, as 
indicated by the scale h i, will be the height of a column of 
water whose pressure is equal to the force or momentum of 
the wind striking against an equal base. A cubic foot of 
water weighs 1000 ounces or 62-| lbs., the twelfth part of 
which is about 5J lbs.; therefore, for every inch the sur- 
face of the water is raised the force of the wind will 
be equal to the same number of 5i lbs. on a square 
foot. Thus, If the water stands 3 inches higher in one 
tube than in the other, the force or pressure of the wind 
wiU be equal to 15| lbs. on the surface of a square foot. 
Leslie found by experiment that the cooling power of 
air is proportional to its velocity, and determined that 

velocity from the formula V — 1 ~ ~ by means of a spirit 

thermometer. V is the velocity of the wind in miles per hour; 
T the time in winch the spirit in the tube descends through 
half the number of degrees to which, by the application ot 
heat, it has been raised above the degree at which it pre- 
viously stood ; and t the time in which the spirit, when ex- 
posed to the action of the wind and raised as before, descends 
through an equal number of degrees. CasseiWs anemometer 
is an improvement upon Robinson’s, and is the njost reliable 
form in use. It consists of four hemispiierical cupa mounted 


superable nature to the regular deductive applications of 
the general principles of mechanics to this subject, ari.sing 
from the excessive intricacy of the pure mathematical in- 
quiries which its investigation demands. 

Sir Isaac Newton was the first who attempted to deducfc 
any conclusions respecting the motion of fluid masses b}' 
direct reasoning from dynamical principles, and thus laid the 
foundation of hydrodynamics; but it was not until the time 
of D’Alembert that the method of reducing any question 
respecting the motion of fluids and gases, under the action of 
forces, to strict mathematical investigation could be said to 
be completely understood. But the cases in which this mode 
of treating such questions can be satisfactorily applied are 
few as compared with those in which the experitnental method 
of inquiry is not preferable. 

For instance, a knowledge of the resistance of tliiids 
to bodies moving through them is of great importance in 
naval architecture and in gunnery, where the resistance of 
the air acts to an enormous extent upon the surfaces of the 
bodies passing through them. Again, the same applies to the 
practical subjects which depend mainly on this branch of 
science, a-s the use of sails in navigation, the construction of 
windmills and winter- wheels, the transmission of water 
through main-pipes and channels, the construction of docks 
and harbours, and many other equally important practical 
applications of the science of hydrodynamics. 


LOGIC.-^CHAPTBR VI. 




Cassella’s Anemometer. 


Upon four arms revolving on a spindle. When their dia- 
metrical planes are exposed to a current of air they revolve, 
with one-third the loind^s mlocity. A simple arrangement 
of wheels and screws in connection with the axis indicates, 
by means of two indices, the space traversed by the wind. 
The stationary index at the top of the dial registers the 
number of miles — under 5-— and furlongs which the wind 
may have travelled, in addition to the number of miles 
shown by the traversing index, which revolves with the dial 
and indicates the transit of every 5 miles. The graduation 
is to 500. By folding the arms this anemometer is rendered 
portable. The mean velocity of the wind in this climate 
is from 18 to 20 feet a second. With a less velocity no 
movement is perceptible, and smoke ascends straight; a 
velocity of 56 to 100 feet is a storm, and from 90 to 120 a 
hurricane. 

In considering the subject of hydrodynamics, whether with 
reference to liquids or expansible gases, it will be observed 
that the motion of fluids is infinitely more complicated than 
that of their equilibrium. When their motions are slow it is 
reasonable to suppose that the law of the equable distribution 
01 pressure takes place; but in every rapid displacement of 
their parts, one among the other, it is more difficult to con- 
cede how such an equable distribution can be accomplished. 
Independent of this, there are difficulties of an almost id- 


IDEATION AND EXPRESSION— JUDGMENT — INTELLECTUAL 
SORVEY OP PROPOSITIONS — SYLLOGISM — SYLLOGISTIC FIGURES. 

To distinguish the abstract from the concrete is not nearly so 
difficult as to perceive the abstract in or through the con- 
crete. We see three objects — e,g. green grass, a green dress, 
a green paling — and we find it quite easy to conceive of tiie 
abstract “ greenness,” which they all suggest, without con- 
fusion of the real things, characterized by that colour, with 
that colour itself. Nor, in fact, do we feel it to be a severe 
mental task to accept of substantive existences as realities, 
capable of possessing variable adjectival qualities; for ex- 
ample, a cow — which may be red, brown, white, or parti- 
coloured ; large, small, or medium in size ; flneiy-developed or 
ugly in form ; of great or little value. But if we try to dis- 
cover in the objects which are brought before us some abstract 
notion which shall be applicable to them all, however diverse, 
the intellectual effort is considerably greater. For example, 
a fishing-rod, a river, the hedgerow which margins it, the 
journey made to reach that river, the desire wliich prompted 
the talcing of that particular journey, the illness which pre- 
ceded and perhaps awakened the desire, and the absence 
which had intervened between one’s having wielded a fishing- 
rod in the reaches of that river in youth and his plying the 
angler’s craft in its waters now, may each and all be sug- 
gestive of length, and “the long” is an abstract form of 
ideation which each may excite — because it can be perceived 
in each. Suppose, again, that we have been interested by a 
building, a statue, a landsaipe, a poem descriptive of either 
or all, a reflection in that poem suggestive of some specific 
thought of singular appropriateness and attractiveness, and 
we- seek to see through all these the one pervading influence 
which charms in all, and call it beauty, we have exercised a 
higher and more subtle power of intellectual conception. The 
mental phenomena which have occurred within us have passed 
from the pictorialism of sense to the conceptualism of philo- 
sophical imagination. We see an act performed, and it 
suggests the kindness and promptitude of the person by 
whom it is done. A further reach of thought shows us the 
sympathy in which the act originated. We feel a specific 
uneasy soreness, and we complain of a pain ; but when the 
physician asks what sort of pain is being experienced, he has 
in his mind an abstract yet defined meaning attached to the 
word pain, and has arranged under it the several sub-classes 
from whicii it is generalized. He wishes to see, through the 
concrete pain, the abstract class to which, in the system of 
medicine he has studied, it belongs, and with which, when 
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found, he has? ieariied more or less efiectively to deal. Ah- | 
-stract truth is the result of continuous and eolierent investi- ' 
gative research, exercised not only on a succession of objects ; 
similar in some one point of view, but also, as a general Vuie, : 
by a succession of minds co-operating in the sunie line of ; 
inquiry. Every science begins with facts and ends with 
truths. These truths are really found in the facts, are dis- 
covered through the facts, and yet they are, as an abstract 
body of scientific statements, quite distinct from the concrete 
fact^s by an examination of wiiich they have been obtained. 
The outward world is interpreted and illuminated by the 
truths which science has seen and disclosed. 

All statements of fact or truth take the form of pro- 
positions. saw a black cat’’ is a |)roj>osition as to an 
individual isolated fact. ‘‘ All the Saxon lawgivers showed 
great wisdom in tlie business of legislation ” is a proposition 
laid down in Crabb’s “ History of English Law as a his- 
torical generalization drawn from the observations made 
regarding a long course of procedure and careful study of an 
extensive series of enactments. ‘‘ All history proves man to 
be a fallen creature ” is a proposition founded (or professing 
to be so) on an induction made from all human records of 
facts, conditions, events, and transactions. All change is 
preceded by a cause” is a proposition in which the philo- 
sophic mind expresses the result of its experiences in all 
circumstances. It expresses itself variously according to the 
view of things being taken by the mind and the particular 
topic engaging its attention at the time. It forms, for 
instance, the inner core of the affirmative statement made by 
Fewton in his first law of motion : — ‘‘ All bodies continue in 
their [original or origiiially observed] state of (1) rest, or (2) 
of uniform motion in a straight line — except in so far as it 
[is or] may be compelled, by impressed forces, to change that 
[original] state.” Precisely the same proposition or law may 
be stated in a negative form: — No body can alter its [original 
or originally observed] state of (1) rest, or (2) uniform motion 
in a straight line — except in so far as,” &c. This statt inent 
of the law of inertia requires to be adapted in its form of 
expression to the purpose of the mind in uttering it. In 
inculcating a truth and advancing it as a thing to be believed 
in and accepted, a proposition naturally takes the affirmative 
form ; in resisting an opinion previously entertained, in seek- 
ing to displace a prevailing (or generally believed and received) 
opinion, or in advancing an opinion in opposition to one 
either really accepted or supposedly held, a proposition as 
naturally takes the negative form. “ A asserts and E denies 
universally” is the explanation of the logical shorthand 
mnemonic in regard to the universal affirmatives and nega- 
tives which are engrossed in propositions, and it is of great 
importance to acquire at once the clearness of perception and 
the dexterity of expression which shall enable us with prompti- 
tude and correctness to employ and apply either as is most 
suitable to the purpose in hand, which is, in logic, the 
acquisition or conveyance of reasoned truth and the pro- 
duction of its intended result — conviction. If, in a universal 
proposition, the relation be that of identity of subject and 
predicate, the proposition may be at once converted, and may 
indifferently, so far as its power and value are concerned, be 
expressed as A or E, But if we wish to exhibit, with mis- 
takeiess precision, the form of thought, we must see (1) that 
all that is in our thought should be not implicitly only, but 
explicitly, brought into view, and (2) that whatever is not 
involved in our thought should be distinctly and imperatively 
discharged from the expressions employed. For instance, if 
we say “ Man is an animal,” our proposition would mean, | 
All the individuals of the race of man have the qualities 
belonging to the class of creatures denominated animals, 
i.e. “All man is some animal;” and this would convert into 
“Some animal is all man,” implying that some of those 
creatures denominated animals include those which we class 
as man, i.e. I = particular affirmative, and might be converted 
into 0, “ Some animal is not man.” To manage the propo- 
sition as an instrument in reasoning we require to under- 
stand precisely the original equivalence of subject and 
predicate which it asserts, and the mode in which exactly 
tlie same amount of material affirmation may be included in 
and expressed by the transpositions necessary to be made to 


change from one quantity and quality to another. It h 
indeed one of the most requisite elements in what Ralph 
Lever, dean of Durham, calls “the art of witcraft,” that 
we siiould be able to retain and maintain the absolute 
significance of thought amidst all the possible contingencies 
of expression, in order that we may secure the observanc<- 
of tiie laws of formal thought notwithstanding the accidental 
arrangements which the necessities of language may impose 
on us. 

The great point, therefore, is to acquire and possess that 
certainty which is the result of clear vision. When a whole 
subject is distinctly understood in ail its parts and features, 
viewed in connection one with another, and carefully com- 
pared with each other, the propositions in which the know- 
ledge thus attained is expressed should be explicit and 
distinct, and the mind ought to be able to see and know the 
exact relations of quality and quantity which part bears to 
part. If the intellectual perception be carefully trained, the 
propositions to which it assents are likely to be accurate in 
substance and capable of being made clear in expression. 
When our ideas are made the subject of impartial intellectual 
comparison, their points of agreement and of difference can be 
distinctly seen and correctly estimated. Their joint and co- 
operating terms can be tested by reference to experience, and 
the equal, steady, and powerful light of the well- trained 
mind acquires a nicety and precision of balancing power 
which men recognize as excellence of judgment. This pos- 
session of the power of viewing the concrete facts of nature 
and of life, realizing them in the intellect as truths, and 
expressing them in language as propositions clearly expressed 
and easily understood, is of high value; and it is one of the 
aims of logic to train men’s minds to such an examination of 
its own operations and criticism of their results as shall 
regulate the practice of the intellect when engaged in thought. 

This comparison between idea and expression brings into 
notice the difference between those relations which are slight 
and variable and those which are important and permanent. 
The former are collected together as conversational topics and 
history, and the latter as science. The relations of con- 
temporaneousness and succession in time and of immediateness 
or remoteness of incidence or concurrence are seen to be quite 
different from those of similarity or dissimilarity, equality 
or inequality, and generally of equivalence and ratio, which 
manifest themselves not only in afiairs of daily occurrence, 
but also in the more recondite and peculiar concerns on which 
science exercises its investigations. But higher even than 
these are the relations of mutual dependence and causation, 
of antecedence, correlation, and succession, of order and 
arrangement, which characterize, show themselves in, and are 
implied by the qualities, tendencies, operations, connections, 
and influences of things, all of which are expressed in 
propositions, and constitute, as the case may be, facts, 
opinions, or truths. The mind, however, can neither re- 
member, reflect upon, nor deduce any important truths from 
experiences isolated, objects unclassified, or statements made 
in incoherent individuality. It is impelled to submit all its 
acquisitions of sensation, ideation, imagination, and emotion 
to an explicit intellectual survey. The infinite multiplicity of 
facts, impressions, experiences, ideas, opinions, and inferences 
which have their place in our thoughts, have a very extensive 
range. They cannot be retained in their original separate 
and distinct form. It is a necessity of nature and of mind 
that these should be gathered and classed; that some plan, 

I order, and arrangement should, if possible, be introduced 
I among them; that some system should he impressed on all 
that comes within the sphere and region of reflective thought. 
Opposite and contradictory propositions (either real or seem- 
ing) require to be compared; imperfectly realized ideas must 
be searched into and furnished with more adequate forms of 
statement; slight and impalpable differences of signification 
or expression suggest their discardment; and a general desire 
for determining the consistency of those different propositions 
which have pressed themselves on the mind for storage and 
registration, and demanded acceptance and belief, induces the 
intellect to devise some means by which the fallacious and 
mistaken may be distinguished from the indisputable and the 
true. This endeavour to appraise the value, determine the 
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weight, measure the extent, and ascertain the degree of and that which seems, from its extreme simplicity, an almost 
certainty which belongs to the judgments presented to us in worthless waste of ingenuity, is just on that account the 
propositions, induces the intellect to re-survey comparatively,, more serviceable and the more mdisperisable. The certain 
and in detail, ail the propositions which refer to similar attainment of great ends by the simplest means is the highest 
matters, and which require to be taken into its calculations reach of human aspiration and the consummation of 
logizomai). For this purpose it brings them together, possibility in the region of reasoning, 
pixaces them side by side, and is thus able to deduce (Gr. Each simple categorical I declare), z.e. de- 

svilogizomm) from their correlations some formal estimate of clarative syllogism, consists of three categorical propositions, 
their conformity or nonconformity with one another. This These three propositions contain three chief notions. The 
process is called syllogizing, and the faculty by which it is notion which constitutes the subject in the conclusion is 
performed is laiown as reasoning — i.e. the exercise of power called the minor term; that which becomes the predicate in 
of inference for the deductive discovery of truth. the conclusion is the major notion or term— the two in rela- 

The syllogism is a special systematic form of arranging a tion to one another are called the extremes; and tfie term 
series of propositions in such* a distinct method of juxta- employed for comparing the one with the other, and as tiie 
position tlifit tile relative consistency or inconsistency of any common element in the inference — the mediator between 
two statements so set down may be observed clearly and at the two extremes — is called the middle term. The premise 
once. The degree of relation or irrelation, congruity or in- which contains the major term is called the major premise, 
congruity, between two propositions considered apart may that which contains the minor notion the minor premise, and 
not strike the mind, and their latent discordancy may be un- the third, in which the mediated inference is closed, forms the 
observed— especially if the terms in winch they are expressed conclusion. 

are varied. But when they are placed precisely under the As the syllogism is the type of the form of thought, its 
view of the intellect, and the mind is called upon to examine variations in arrangement have been called by the logicians 
and compare them carefully (having their forms of expression syllogistic figures. There are four possible variations in trie 
made as similar as may be), the latent likeness or unlikeness position which the middle term, i.e. the term used as the 
generally becomes patent and palpable. The art of syllo- medium of mutual comparison, can take. It is readily seen 
giziiig does not consist in putting any two syllogisms together, that the middle term may be (1) subject in the one premise 
and drawing from them any conclusion which they will yield, and predicate in the other, (2) predicate in each premise, or 
The arrangement and combination of the propositions [to be] (3) subject in both. But in those middle terms which 
brought side by side and compared; the decision of the form are included in the first case two subdivisions are possible, 
and figure of tlie syllogism which may be most advisably and for (i.) the middle term may be subject to the major term 
advantageously made use of for the puipose on hand, con- and predicate to the minoiv and (ii.) predicate to the major 
stitiite the chief merit of the logician. It is a great mistake and subject to the minor term. The former of these sections 
—very prevalent among critics of logical procedure — to constitutes now the [technical] figure, and the latter the 
suppose that because it is very easy (so simple that the fourth. Aristotle recognized only three figures ; Galen criti- 
veriest tyro finds no difficulty in it) to draw a correct conclusion cally introduced the fourth. These figures may be presented 
from those given premises which appear in text-books, there to the eye in the following tabular scheme, in which S signifies 
is, in reality, no utility in syllogistic reasoning, and no talent subject, P predicate, and (M) middle term: — 


required to reduce any process of reasoning to, a logically 
valid form — ie, to a syllogism. The art and mystery of 
syllogism is so to place the propositions that the result of 
comparing them together shall be a just and relevant process 
of reasoning, accurately adapted to the subject of inquiry. 


L (M) F, 
JS (M). 
S P. 


2. P (M). 
S P. 


3. (M)P. 


4. P(M). 
(M) S. 
S P. 


An examination of the scheme will show that in all cases 


Every syllogism is a single process of reasomng consisting mediating umpireship 

of three propositions so arranged that if the has been accomplished, and that in fig. 1 the middle term is 

propositions-eaUed premises (Lat. pr<emUto, I send for- ^ ■ ; 

ward in advance), because they are set forward as trast- g ^ ^ 

worthy statements-aretaien for granted or ac^^^^^^ the subject in both premises 

the ted proposition-«lled the conclnsion-must afe be g ^ 

granted or accepted. There are two facts on which the 

nf in thA nU.imatA rAsnrt. rlnnpnfi.c— SU^ect m the minor qwemise. 


cogency of the syllogism, in the ultimate resort, depends- 


. - , ,, , V ,1 , . .. These may now be exemplified in concrete specimens, and 

VIZ. (1) when the mind observes that any two notions agree . 

with a third, it finds itself compelled to admit that they agree .. , ifn tt ^ f * » 

/«\ u msta-nces given m the late Dr. F. Ueberweg’s “Logic” 

with each other; (2) when the niind finds t mt of any two translated bv T. M. Lindsay:- 

notions one agrees and the other disagrees with any third, it 

is under the necessity of regarding them as disagreeing with Every virtue is praise- III. Every virtue is praue^ 

one another. These two facts, logic reduces to a readily worthy. worthy. 

applicable principle, which is capable of being employed as a Eloquence is a virtue. Every lurtue is useful. 

guiding rale to the thinker in each separate step taken in the Eloquence is praise- Some useful thing is 

course of any process of reasomng. Expressed in the most worthy- praiseworthy. 

general terms it stands thus— viz. Whatever distinctly per- pj, jjo vice is praiseworthy. IV. Every virtue {& praise- 

ceived or precisely understood relation of subject and predi- Eloquence is praise- worthy. 

cate subsists between either of two terms and a common worthy. ' ^ Everything praiseworthy 

third tem, with which both are related — either congruently Eloquence is not a is useful. 

or incongraently — that very same relation subsists between ^ 1 ^ 0 ^ Something useful is a 

these two terms themselves. This is “the one supreme * virtue. 

canon” by which syllogistic reasoning is regulated. The 

whole doctrine of categorical syllogisms is at once exhaustively As these four figures have each four possible forms — in 

... .1 .11 .... J , f... .i ■ i-.. • j'j. ' .. ... ..ii x..... .j; v*_ • _ : .... Ji _ 


I. Every vi7-'tue is praise- I III. Every virtue is 


worthy. 

Eloquence is a virtue. 

Eloquence is praise- 
worthy. 

II. No vice is praiseworthy. 

Eloquence is praise- 
worthy. 

Eloquence is not a 
vice. 


, worthy. 

Every virtue is useful. 

Some useful thing is 
praiseworthy. 

lY. Every virtue is praise- 
1 worthy. 

Everything praiseworthy 
is useful. 

Something useful is a 
virtue. 


and all-sufficiently laid down in it, and every 


quantity and quality — of combining the premises, and as 


’V' f.' 

‘T 


reasoning carried on in accordance with that canon is irre- each form has three terms in its three propositions, there 
fragably valid. It follows from this, that if each separate seems to be on merely arithmetical grounds sixty -four pos- 
act of r^soning, as it is performed, punctiliously observes the sible syllogistic figures, viz. 4x4x4—64. Logic tests all 
syllogistic canon, there cannot be — however lengthy and these possible forms, takes cognizance of their validity or 
intricate , the process may be — any flaw or error; but any invalidity, and by its researches enables us to economize 
error, however infinitesimal at its introduction, vitiates and thought and secure the best possible adaptations of syllo- 
invaUdates with ever-increasing objectionableness any series gistic reasomng to inquiry or argument by showing which 
of exposition or argumentation. Logic supplies the means of are best, most trustworthy, and most suitable for our special 
. testing every single liiik in apychai^ purpose, . / ' . 
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CHEMISTRY.— CHAPTER IX. 


CELOBTJTB — HYDEOCHIORIO AOIB — AQUA BEOIA — CHLORINE 

COMPOU N 3)^:. — BR{ )>l I XE IODINE FLUORINE SULPHUR — 

SULPHUR COMPOUNDS — SULPHURIC ACID — SULPHURETTED 
HYDKO^IEN. 

Tee group of elements, chlorine^ hrorame^ iodine, and 
timriiie, v/hie!i closely resemble each other, possess strongly 
Diiirked and active properties. On account of the occur- 
rePxCe of chlorine, bromine, and iodine ‘ in sea- water, the 
elements of this group are termed halogen elements, and 
their iQeta.lIiG compounds, haloid coynpounds. 

Chlorine (Gi ; atomic weight, 35 'ST ; density, 35-37). — 
Chlorine was discovered by Scheeie in 1774; it does not 
occur free in nature, but may easily be prepared from its 
compounds. It is found combined with metals, forming 
chlorides; of tliese sodium chloride, or sea or rock salt, is the 
most common. To obtain chlorine from this salt it must he 
heated with sulphuric acid and manganese dioxide. Thus — 


Sodium Sulphuric Man^^anese Sodium 
Chloride. Acid. dioxide, sulphate. 


Chlorine. 


Manganese 

sulphate. 


Water. 


2Na0i -r 2SO4H2 + MnOs == Na^SO^ + 201 ■+• M11SO4 4 - H2O, 


Chlorine is a green-yellow gas, possessing a most disagree- 
able and peculiar smell, and when present in large quantities 
acts as a violent irritant, producing inflammation of the 
mucous membrane, and even causing death when inhaled. 
When one part by weight of salt and one part of manganese 
dioxide are mixed with two parts of sulphuric acid and two of 
water, and the mixture placed in a flask, a, fig. 1, the chlorine 
gas is given off regularly upon the application of a very slight 
heat. This gas cannot be collected over water, as it absorbs 
2*37 times its bulk of the gas at 15° C., forming the solution 
termed chlorine water. Slercury also enters rapidly into 
coml)ination with it, forming mercuric chloride or corrosive 
mUwiate. It can, however, be easily collected by displace- 
ment in a vessel, d, with a light cover, c, as it is nearly 

Fig.l. 



tin, zinc, arsenic, and antimony, when introduced into it in 
thin leaves, or reduced to filings, take fire, and combining 
with the gas form compounds analogous to the oosides, and 
which are therefore named chlorides. Chlorine has the 
remarkable property of combining with hydrogen to form 
hydrochloric acid; when these two gases are mixed in equal 
volumes they combine with explosion on contact with flame, 
or on exposing the mixture to sunlight. Chlorine will 
decompose water in the sunlight, combining with the 
hydrogen and liberating the oxygen. The bleaching action 
of chlorine also depends upon its power of combining with 
the hydrogen of water and liberating the oxygen. Dry 
chlorine gas does not bleach; a piece of cotton cloth or 
pper, coloured by a vegetable substance, as madder or 
indigo, may be exposed to its action for weeks without any 
change of colour taking place. If a few drops of water are 
added the colouring matter is at once destroyed and the 
material bleached. ' The chlorine at once combines with the 
hydrogen of the water, and the oxygen at the moment of its 


liberation, when in the nascent state, combines with th«- 
colouring matters, forming compounds free of colour. 

Ordinary free oxygen has not this power, as the molecules, 
or smallest particles of an element which can exist in the free 
state, do not consist of indi\idual atoms, but of a group of 
atoms. The molecule of a compound body contains two or 
more dissimilar atoms, whilst the molecule of an element 
contains similar atoms, and the molecules of all bodies, 
simple or compound, in the gaseous state occupy the same 
volume. Therefore, the moment an element is liberated 
from a compound, the single atoms unite together to form a 
molecule, and the elementary body makes its appearance in 
the free state; when, however, substances are present on 
which the element can act chemically, they are decomposed 
by the chemical attractions of the liberated atoms, which are 
more active in that state than when united to form a mole- 
cule. Chlorine cannot bleach mineral colours. It is largely 
used in the bleaching of linen and cotton goods, and in 
the bleaching of rags and esparto grass for the manufacture 
of paper. For these purposes it is sometimes employed in 
the form of gas, and sometimes in that of solution in water, 
but more often in combination with lime, forming the sub- 
stance called bleaching powder. It is also a powerful dis- 
infectant and deodorant, its action on organic putrefaction 
being similar to that on organic colouring matters. Chlorine 
gas, at a pressure of five atmospheres, at a temperature of 
15° C., is condensed to a heavy yellow liquid; it has not been 
solidified as yet. 

Hydrochloric Acid (HCi; atomic weight, 36*37; density, 
18*18). — Hydrochloric acid or muria,tic acid is the only 
known compound of chlorine and hydrogen, and is obtained 
when equal volumes of chlorine and hydrogen are mixed and 
exposed to diffused daylight; the gases then combine, and 
form the same volume of hydrochloric acid gas. If the light 
is strong a violent explosion occurs, owing to the sudden 
evolution of heat consequent upon the combination. In the 
gas formed, one molecule of hydrogen and one molecule of 
chlorine give two molecules of liydrochloric acid. Thus — 

H ( + Cl f ~ Cl f + CIS 

Hydrochloric acid is readily prepared by heating in a flask a 
mixture of common salt and sulphuric acid, diluted with a 
small quantity of v/ater, giving the following reaction: — 

Sodium Sulphuric Eydrochlonc Hydrogen 
Chlorate. Acid Acid. sodium sulphate. 

NaCl 4 - H2SO4 = HCI 4- HNaS 04 . 

Hydrochloric acid is a colourless gas, 1*269 times heavier 
than air; it gives off' strong fumes in damp air, combining 
with the moisture. It is very soluble in water, one volume 
of water at 15° C. dissolving 454 volumes of the gas; this 
solution forms the ordinary commercial hydrochloric acid. 
Under a pressure of forty atmospheres the gas forms a limpid 
liquid. Vast quantities of muriatic acid are obtained as a by- 
product in the manufacture of sodium carbonate, though the 
quantity is now reduced since the Weldon soda process has 
come into general use. The acid thus produced is very impure, 
containing arsenic, iron, and sulphuric acid in solution. 

Hitro-hydrochloric acid or aqua regia is a mixture of 
nitric and hydrochloric acid. Gold and platinum, and many 
other metallic substances which do not dissolve in either of 
the acids, are readily soluble in a mixture of the two, and its 
solvent action depends upon the fact that it contains free 
chlorine, liberated by the oxidizing action of nitric acid on 
the hydrogen of the hydrochloric acid. The metals combine 
directly with this free chlorine and form soluble chlorides, and 
the sulphides are decomposed by it. Although chlorine and 
oxygen do not unite directly, they indirectly form the follow- 
ing compounds; — 

Composition 

Chlorine and oxygen. Corresponding oxy-acids. hy weight. 

■ 1 • H. U. O, 

Chlqriiie monoxide (OI 2 O) Hypochlorous acid (HCIO) 14-35*54-16* 
Chlorine trioxide (CI 2 O 3 ) Chlorous acid (HCIO 2 ) l4-35‘64-32 
Chlorine tetroxide (CI 2 O 4 ) 

These oxides, not yet ob- (Chloric acid (HCIO^) 14-36*5 

tadned, Cl«0;it and CI2O7 iPerchloric acid (HCIO4) 
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Chlorine monoxide (OI 2 O ; atomic weight, 86*7 ; density, 
43*35) is obtained by the action of chlorine upon mercuric 
oxide. It is a colourless gas, which may be condensed 
by a freezing mixture to a red liquid, which is highly 
explosive, decomposing very suddenly into chlorine and 
oxygen gases. It is very soluble in water, yielding a yellow 
solution, which bleaches powerfully and more rapidly than 
chlorine, as twice as much oxygen is liberated from one 
molecule as from a molecule of chlorine. 

Hypochlorous acid is a colourless liquid, possessing a 
peculiar smell and powerful bleaching properties. It may be 
prepared from a solution of a hypochlorite, mixed with dilute 
nitric acid and distilled, when a solution of hypochlorous acid 
comes over. Hydrochloric acid decomposes hypochlorous acid 
with the evolution of chlorine, and sulphuric acid liberates 
hydrochloric acid from the calcium chloride; hence neither of 
these acids can be used for the preparation of hypochlorous 
acid from the hypochlorites; but they are employed in the 
process of bleaching, for the decomposition of the bleaching 
powder to liberate the chlorine in the fibre of the doth. 
This is carried out by first dipping the goods to be bleached 
in a solution of bleaching powder, and then passing them 
through dilute hydrochloric or sulphuric acid, when the 
chlorine is liberated in the fibre of the cloth. The bleaching 
effect is therefore only seen after the goods have been &qut^ 
or dipped into the acid. 

Chloric Acid (HG10;d. — When chlorine is passed into a 
strong hot solution of potassium hydroxide or carbonate, and 
the liquid concentrated by evaporation, it yields on cooling 
fiat tabular crystals of a colourless salt, consisting of potas- 
sium chlorate. Prom potassium chlorate chloric acid may be 
obtained by boiling the salt with a solution of hydrofluosfficic 
acid, which forms an insoluble potassium compound precipitate, 
and chloric acid remains in solution. Chloric acid solution 
may, with care, be concentrated in a vacuum over sulphuric 
acid to a thick syrup, but decomposes on further evaporation. 
It acts as a powerful oxidizing agent, and dropped on paper 
produces ignition, in consequence of tlie facility with which it 
parts with its oxygen. The oxide of clilorine corresponding 

to chloric acid, | 0, is at present unknown. 

Perchloric Acid (Q.(j\Op, atomic weight, 100*21). — When 
potassium chlorate is heated, it first melts and begins to 
evolve oxygen. At a certain stage, however, the whole mass 
solidifies ; and if the decomposition be stopped at this stage a 
new salt is found contained in the residue, together with 
chloride and unaltered chlorate. Thus — 

Potassium Potassium Potassium OTVjxpn 

chlorate. perchlorate. chloride, 

2KOIO3 = KCIO4 + KGl + O2. 

This new salt is termed potassium perchlorate (KCIO4), from 
•A mixture of one part of the dry perchlorate and four of 
-iilphuric acid. 

Perchloric acid is readily prepared by distillation in 
a retort A colourless fuming liquid condenses in the 
receiver, which is perchloric acid. It is one of the most 
powerful oxidizing agents known. Thrown upon paper or 
wood it produces instant ignition, and when dropped 
upon charcoal it decomposes with a loud explosion. 

The acids of chlorine, as above shown, form an 
unbroken series, each member differing from the 
next by one atom of oxygen. 

Chlorine combines with nitrogen in an indirect 
manner to form a very remarkable and dangerous 
compound, the composition of which has not at present 
been determined. When chlorine gas is passed into a 
solution of ammonia, nitrogen is liberated ; if an ex- , 
cess of chlorine is employed drops of an oily liquid 
are seen to form, which explode with fearful viol- 
ence on being touched. The safest mode of procuring it is to 
pour a somewhat dilute and tepid solution of pure sal-ammo- 
niac in distilled water into a clean basin, and invert a bottle 
of chlorine, the neck of which is free from grease, over it. A 
shallow and heavy leaden cup is placed beneath the mouth of 
tht* bottle to collect the product. When enough has been 


obtained the leaden vessel may be carefully removed with its 
dangerous contents, the chloride remaining covered with a 
stratum of liquid. The greatest ciiution must be used in 
manipulating even traces of this body, and the operator 
should protect his face with a strong wire gauze mask. The 
explosive nature of this compound arises from its constituent 
elements being very loosely combined and separating with sud- 
den violence. 

Bromine (Br ; atomic weight, 79*75 ; density, 79*76). — 
Tins element, which nearly resembles chlorine in Its proper- 
ties and compounds, does not occur free in nature, and like 
chlorine is found combined with sodium and inagnesium in 
the waters of certain mineral springs. It was discovered by 
Balard in 1826 in the salts obtained by the evaporation of 
sea- water. To obtain pure bromine, the fact that free 
chlorine liberates bromine from its conAinations with metals, 
forming a metallic chloride, is made use of. The bromine 
thus set free may be separated by shaking the liquid up with 
ether, which dissolves the bromine, forming a bright red solu- 
tion. At ordinary temperatures bromine is a liquid ; at - 22® 
C. it congeals and is very brittle, and it boils at 63° G. It is 
poisonous. Applied to the skin it colours it deep yellow and 
corrodes it. It is soluble in water, alcohol, and particularly 
in ether : with water it forms a crystalline combination at 
0° C. ; the crystals are octahedrons, of a red tint, and con- 
tinue permanent, even at the temperature of 10° C. It pro- 
duces a deep orange yellow colour when mixed even in small 
quantities with cold solutions of starch. It combines with 
silver, forming with it an insoluble hroynide, which, being in 
contact with organic matter, is quickly blackened by exposure 
to solar light. On account of this property, bromine is highly 
valuable in photography. Thus, if a sheet of paper be washed 
with a very dilute solution of the bromide of potassium, and 
then with a solution of nitrate of silver, the salts are decom- 
posed, and bromide of silver is formed in the substance of the 
paper. The paper remains white if kept in a dark place, but 
is immediately blackened by exposure even to diffuse day- 
light. The most sensitive plates hitherto prepared for use in 
the photographic camera consist of glass (or paper), covered 
with a coating of bromide of silver suspended in gelatin. 
The latter greatly increases the sensitiveness of the silver 
compound by combining with the bromine liberated by the 
action of light. The change effected in the compound is not 
visible to the eye, however, until a reducing agent, called a 
developer, has been applied to the film, which, by removing 
the remaining bromine, causes a picture, consisting of metallic 
silver, to appear. 

Iodine (I; atomic weight, 126*53; density, 126*53). — This 
element is obtained chiefly from seaweed, but was discovered 
accidentally in 1812 by M. Courtois in the mother- waters of 
his saltpetre works, and it has since been found in combina- 
tion with potassium and sodium in many mineral v/aters. 
Kelp contains it abundantly, as do also the mother- waters of 
the salt works upon the Mediterranean Sea ; and it has been 
recently found in combination with silver in some ores brought 
from the neighbourhood of Mexico. 

Iodine may be procured by drying and powdering common 
seaweed— sponge, for instance — and heating it with sulphuric 
acid ; a molet vapour rises, which, if received in a cool vessel, 


will condense on its sides, and form scaly crystals (fig. 2) of a 
somewhat metallic lustre. These crystals are iodine ; and it 
is named from the violet colour of the vapour. It is most 
economically procured from the mother-water of kelp, as fur- 
nished by the soap manufacturers,' who employ tliat crude 
alkali. The water is mixed with an excess of sulphuric acid 


Fig. 2. 
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in a retort, and exposed to heat, when the violet vapours of 
iodine distil over, and may be condensed. 

Iodine is always solid at atmospheric temperatures, but it 
slowly volatilizes, emitting a peculiar offensive penetrating 
odour, somewhat like chlorine. It fuses at 220® Paiir., and 
boils off rapidly at 350°. It enters into many combinations : 
two of them, the iodides of potassium and iron, are used in 
medicine, and another, the periodide of mercury, is a brilliant 
red pigment, but somewhat evanescent. But the chief use 
to which iodine has been put in the arts is the detection of 
starch, with the watery solutions of which it forms a com- 
pound of a deep purplish-blue colour. The compound of 
iodine with silver is the basis of the collodion process of 
photography, still in very general use, as well as of the 
original daguerreotype process. This salt is only sensitive 
to light wlien in contact with some substance capable of 
combining with iodine, as metallic silver or free silver nitrate. 

Pluoeinb (B" ; atomic weigitt, element occurs 

combined with the meta calcium, forming calcium fluoride or 
fluorspar (GaFa), a mineral found in Derbyshire. It is also 
found in large quantities in cryolite (3NaF-i- AIF3), a 
mineral found in Greenland. Fluorine 
forms no compounds with oxygen, and it is 
extremely diflicult to obtain in a pure state. 

Hydrogen Fluoride or Ilydrojlmric Acid 
(HF*; atomic weight, 20*1). — This is obtained 
by heating powdered calcium fluoride with 
concentrated sulphuric acid in a leaden or 
platinum vessel, as glass is rapidly attacked 
by the vapour. The colourless gas thus 
obtained fumes strongly in air; at -20°C. 
it forms into a liquid. This liquid is strong 
aqueous hydrofluoric acid ; it acts very 
violently upon the skin, producing painful 
sores ; and the fumes of the gas are danger- 
ous from their corrosive power. The most 
remarkable property of hydrofluoric acid is 
its power of etching on glass. This arises from the circum- 
stance that fluorine forms, with the silicon contained in 
the glass, a volatile compound called silicon- tetrafluoride. 
The glass to be engraved is coated with wax, and the 
design traced in the usual way -with a jiointed instru- 
meut. A shallow basin made by bending up a piece of lead 
is prepared, and a little powdered fluorspar placed in it with 
sufficient sulphuric acid added to form a thin paste. The 
glass is placed u]jon the paste with its waxed side downwards, 
and gentle heat applied, which speedily disengages the vapour 
of hydrofluoric acid. In a few minutes the operation is com- 
pleted, and on the glass being cleaned by a little warm oil of 
turpentine, when the experiment is successful, the lines are 
very clean and smooth. Fluorspar is also used in rnetallurgic 
operations as a flux. 

The four members of this group of elements exhibit 
certain relations among themselves. Chlorine is a gas, 
bromine a liquid, and iodine a solid, at ordinary tempera- 
tures. Again, tlie specific gravity of liquid chlorine is 1*33, 
of bromine 2*97, and of iodine 4'95. Liquid chlorine is 
transparent, bromine is slightly so, and iodine is opaque. 
The combining weight of bromine is nearly the mean of those 
of chlorine and iodine, and in its general chemical deport- 
ment it stands half-way between the other two elements. The 
property which distinguishes these substances from the rest 
of the elements is the power of forming with hydrogen com- 
pounds containing equal volinnes of the constituent gases 
united without condensation. 

Sulphur (S ; atomic weight, 31*98 ; density, 31*98). — 
Sulphur is one of the few elementary substances which occur 
in nature in a simple state. It is an abundant product in 
many parts of the world, especially in volcanic countries, 
where it is found often in a state of great purity. It occurs 
in amorphous masses of a glassy lustre when newly broken, 
and also in crystalline masses, and sometimes in complete and 
regular crystals in the form of rhombic octahedra. It exists 
in combination with many metals, forming compounds termed 
sulphides, which constitute the common ores from which the 
metals are mostly obtained, as PbS, lead sulphide or galena ; 
l&nS, anc sulphide or blende ; and CuS, copper sulphide. 


Sulphur is also found combined with metals and oxygen, 
forming a class of salts termed sulphates ; as calcium sul- 
phate or gypsum (CaS 04 -f 2 H 20 ), barium sulphate or 
heavy-spar (BaS 04 ), sodium sulphate or Glauber’s salt 
(lIa 2 S 04 + 10 H 20 ), which occur in the largest quantity. 

Sulphur also combines with hydrogen, forming the highly 
poisonous and offensive gas known as sulphuretted hydro- 
gen, and which not unfrequently contaminates the coal-gas 
supplied to us for illumination. Sulphur and carbon also 
combine, and form a beautifully transparent and colourless 
liquid, exceedingly volatile, and giving off an odour the most 
fetid and nauseous which it is possible to conceive. Sulphur 
when strongly heated out of contact of air boils and evapor- 
ates ; and the vapour emitted, condensing when its tempera- 
ture is reduced by contact with any cold body, forms tlie 
bright yellow powder known as flowers oi sulphur. It is ob- 
tained in this state by a process of distillation, the crude sulphur 
being put into a cast-iron retort, the beak of which is led into 
an air-tight chamber, where the vapour is condensed, as shown 
in fig. 3. When the sulphur is melted and poured into wooden 
moidds, it forms the yellow cylinders known as roll-sulphur. 

Fig.3. 



One of these rolls held in a warm hand emits a crackling 
noise by the fracture of its interior parts, and at length 
breaks in pieces. When rubbed it emits a peculiar well- 
known smell, and becomes at the same time negatively 

electric. __ ^ , 

Sulphur exists in three modifications, one m its natural 
crystallization, and the other two are obtained by melting 
sulphur. If melted sulphur is cooled slowly it crystallizes in 
lonff tmnsparent, needle-shaped, prismatic crystals, quite 
diflerent in form from the natural crystals, and having a specific 
cTavity of 1*^8, the specific gravity of the crystals of native 
sulphur being 2*07. The third ailotropic modification of 
sulphur is obtained by pouring melted sulphur at 230° 0. 
into cold water, when it forms a soft tenacious mass, and has 
a specific gravity of 1*96. This form of sulphur is, however, 
not permanent, as in a few hours at ordinary temperatures 
the mass assumes its ordinary brittle form. Sulphur is an 
inflammable substance, and burns in air with a bluish flame, 
combining oxygen to form sulphur dioxide (SO 2 ), 

which is given off as a gas possessing a peculiar and suffo- 
catinc^ smell. Sulphur is insoluble in water, but both the 
natuml variety and the crystalline variety dissolve readily 
in carbon bisulphide (CS 2 ). The tenacious form of sulphur 
is insoluble in this liquid. 

Compounds of Sulphur and -Sulphur forms with 

oxvffen two compounds or oxides which give rise to acids 
when they are brought into contact with water— 
sulphur dioxide and sulphur trioxide. 

Sulphur Dioodde (SOg ; atomic weight, 
oi-aKvl-This gas is the only product of 

in dry air; it is given off in large quantities from 
vol^nic craters. It is readily obtained by heating sulphuric 
acid with metallic mercury or copper clippings. 

Copper Sulphur Wfl+p- 
Sulphate. Dioxide. 

CUSO4 -b SOg + 2H2O. 


SulplJuric 

Acid. 


Copper. 

2H2SO4 -b On = 


-namely,"'' 

63*9 ; density, 
the combustion of 


The given off is a colourless gas, with a suffocating 
<?Tnell of onrning sulphur; it is 2*211 times heavier than air, 
and may condensed to a colourless liquid at -8® C. under 
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ordinary atmospheric pressure, 4^ -76° C. the liquid be- 
comes a transparent solid. The volume of this gas formed 
by the combustion of sulphur is exactly the same as that of 
the oxygen employed, and as the density of sulphur dioxide 
is 3T95, it contains equal weights of its constituent elements, 
one volume of sulphur uniting with two volumes of oxygen 
to give two volumes of the dioxide. Sulphur dioxide is very 
soluble in water, one volume of water at 10 ° C, dissolving 
51*38 volumes'' of this gas. ' 

Stdphu7'ous acid is the hydrogen salt of a series of com- 
pounds termed It is largely used as a bleaching 

agent for silk and woollen fabrics, which cannot be bleached 
by chlorine. It is likewise used as an antichlor for getting rid 
of the excess of chlorine present in the bleached rags employed 
for paper-maldng. In its bleaching action it operates in 
a manner ex^letly opposite to that in which chlorine does. 
It unites with the oxygen of the water or colouring matter 
present, forming sulphuric acid and liberating the hydrogen, 
so that it bleaches by acting as a deoxidizing agent. The 
great value of sulphur dioxide is in the manufacture of sul- 
phuric acid. Sulphurous acid (H 2 SO 3 ), like carbonic acid 
(H 2 GO 3 ), contains two atoms of hydrogen, both of them being 
capafile of being replaced by metals. 

S'ldplmr Tfioxodt (SO 3 ; atomic weight, 79 ' 86 ; density, 
39*93). — Suipliur trioxide may be formed directly by passing 
a dry mixture of sulphurous oxide and oxygen gases over 
heatfad and finely divided metallic platinum; union takes 
place, and dense white fumes of sulphur trioxide are evolved, 
condensing into long prismatic crystals melting at 16° C. and 
boiling at 46° 0. Tiie trioxide yields a colourless vapour 
which on passing through a red-hot tube is decomposed into 
two volumes of sulphur dioxide and one volume of oxygen. 
Sulphur trioxide does not redden litmus paper, and if brought 
into contact with water, the two substances combine with 
great force and a hissing noise, and form sulphuric acid 
(H2SO,). 

Besides sulphur dioxide and sulphur trioxide, which yield 
respectively sulphurous acid (H 2 SO 3 ) and sulphuric acid 
(H 2 SO 4 ), there is an oxide (S 2 O 3 ) and eight other oxy-aeids 
of sulphur known, of which sulphurous acid, sulphuric acid, 
and thiosuiphuric acid are important compounds. The re- 
maining fiive do not, as yet, serve any purpose in the arts 
or manufactures. 

OXY- ACIDS OF SULPHUE. 


Hyposulphurous acid, .... 

H 2 SO 2 . 

Sulphurous 

a 

H 2 SO 3 . 

Sulphuric 

a 

H 2 SO 4 . 

Thiosuiphuric 

a 

• • • » 

H 2 S 2 O 3 . 

Dithionic 

it 

• • • • 

HgSaOe. 

Trithionic 

a 

H 2 S 3 O 6 . 

Tetrathionic 

it 

H 2 S 4 O 6 . 

Pentathionic 

a 

H,S,0«. 


Fig. 4. 


Sulphuric Acid or Hydrogen Sulphate (H 2 SO 4 ; atomic 
weight, 97*82).— Sulphuric acid is the most important and 
useful acid known, as it assists largely in the preparation of 

nearly all the acids; 
and it is also very 
extensively employed 
in various manufac- 
turing processes. It 
was first obtained by 
distilling a compound 
of iron, bxygeh, sul- 
phur, and water; 
termed ferrous sul- 
phate or green vitriol, 
in apparatus similar 
to that shown in fig, 4. 
The acid obtained is 
known as fuming or Fordhausen acid, and consists of 
a mixture of hydrogen sulphate and sulphur trioxide 
(HjiS 04 'hS 08 ). The present method of preparing the acid 
depends upon the fact that although sulphur , dioxide does 
not combine mth ' free oxygen and ^ter fo form sul- 
^ up the latt^' 



is united with nitrogen in the form of nitrogen trioxide 

(W. 


Sulphur 

Dioxide. 


Nitrogen 

Trioxide. 


Sulphuric 

Acid, 


: 'Nitric 
Oxide. 


, SO 2 + H 20 +:n203 = H 2 SO 4 + .N 2 O 2 . 

This process, in manufacturing upon a large scale, is carried,, 
on in' chambers made of sheet lead, with a capacity of from 
50,000 to 100,000 cubic feet, and 'supported ■, on wooden 
beams. These leaden chambers, are connected .'together by a . 
wide leaden passage. On the outside, at one end, a small 
furnace or oven is kiilt, having a wide tube leading into the- 
chamber. In this oven sulphur is ' kept burning, the Maine , 
of which heats a crucible containing a mixture of nitre and 
oil of vitriol The floor of the chambers are occupied by a 
shallow stratum of water, and a steam jet is likewise ' intro- 
duced. An exit is constructed at the far end of the chambers , 
for the escape of the spent and useless gases. By, these, 
arrangements a constant supply of sulphurous oxide, atmo- 
spheric air, nitric acid vapour, and water in the state of 
steam are thrown together in the chambers to mix and react 
upon each other. The sulphuric acid as it forms falls on to 
the floor of the chambers, from whence it is continually drawn 
off. In order to obtain from this weak chamber acid the 
pure sulphuric acid (H 2 SO 4 ), the excess of water is removed 
by evaporation in covered leaden pans until the specific 
gravity rises to 1*72, at which stage it forms the brown oil of 
vitriol of commerce. It is afterwards further concentrated 
in glass vessels, as lead is attacked by the strong acid, until 
its maximum strength and specific gravity are attained Its 
specific gravity at 0 ° C. is 1*854. It combines with water 
with great energy, absorbing moisture rapidly from the air. 
In mixing this acid with water great heat is eYoIved, and 
care should be taken to bring the two liquids gradually 
together, otherwise an explosive combination may be formed. 
Several organic bodies, as sugar, woody fibre, &c,, are com- 
pletely decomposed and charred by strong sulphuric acid. 
Others, as alcohol, oxalic acid, &c., are split up into other 
compounds by the removal of the elements of water by 
this acid. 

Sulphui’ic acid acts readily on metallic oxides, converting 
them into sulphates. It also decomposes carbonates, expell- 
ing carbon dioxide with effervescence. By the aid of heat it 
decomposes all other salts containing acids more volatile than 
itself. The sulphuric acid of commerce often contains large 
quantities of impurities — lead, arsenic, nitric acid, and the 
lower oxides of nitrogen. 

Thiosuiphuric Acid (H 2 S 2 O 3 ). — This acid does not occur 
in the free state. Its compound with sodium is largely em- 
ployed in photography for the purpose of fixing the image, 
the salt possessing the property of dissolving tlie silver salts 
which have been unacted on by the light. It is commonly 
known as hyposulphite of soda (the acid having been 
formerly named hyposulphurous acid)^ and is obtained by 
passing a current of sulphur dioxide into a mixed solution 
of sodium sulphide and caustic soda, and purifying by crystal- 
lization. The sodium thiosulphate is thus obtained ; 

2Na2S + 2l!iraOH -f 4 SO 2 == 3Na2S20s + H 2 U. 

Compounds of Sulphur and Hydrogen. — There are two: 
hydrogen sulphide and hydrogen disulphide. 

Hydrogen Sulphide or Sulphuretted Hydrogen (H 2 S ; 
atomic weight, 33*98). — This gas occurs free in nature in 
volcanic gases, as well as in the water of certain springs. 
The peculiar odour and medicinal property of the Harrogate 
waters is due to the presence of tiiis gas. It is also gener- 
ated by the putrefaction of animal matters, the white of 
egg, wliich contains sulphur, and by the dioxidation of sul- 
phates in presence of decaying organic matter. It is a col- 
ourless gas, with the odour of rotten eggs. When inhaled 
it acts as a poison on the animal economy, althougii diluted 
with large quantities of air. This gas is obtained readily 
by the action of dilute sulphuric acid upon iron sulphide 
(FeS), iron sulphate being likewise formed : — 

FeS-fH3S04==FeS04+H28. 

i ^ The most convenient method of procuring this gas consists 
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.in adding dilute sulphuric acid to iron sulphide, placed in a 
•bottle, closed with a cork, perforated with two holes, one 
£or the passage of a tube funnel, through which sulphuric acid 
can be pounai; while through the other is passed a tube for 
the exit of the gas (hg. 5). When the sulphide is introduced 

n . Fig.5. 

1 


When the sulphur compounds are compared with the cor- 
responding bodies in the oxygen series, a remarkable analogy 
is presented, not only in composition, but in their similar 
chemical properties, and similar relations are seen in many 
other compounds of sulphur and oxygen. 

Water, HgO. Sulphuretted hydrogen. HsS, 

Hydrogen dioxide, H2O3. Hydrogen disulphide, H2S2. 

Carbon dioxide, COg. Carbon disulphide, CS2. 




flu 

the cork should be put in its place, and the requisite quantity 
of dilute acid poured down the funnel; if the sulpihide be 
good, a stream of gas l)ubbles will iiiimediately i)egin to rise, 
and passing tliroiigl:i the exit tube can be directed through 
any solution, or to any required point. 

One volume of water at 0" C. dissolves 4*37 volumes of the 
gas, and at 15^ C, 3*23 volumes are soluble. At a tempera- 
ture - 62°G. it condenses to a colourless fluid, and freezes to a 
transp>arent mass at — 85° C. Sulpihuretted hydrogen is an in- 
valuable reagent, as by its means the metals are enabled to 
be separated into groups : those which are precipitated by 
sulplmretted hydrogen from an acid solution, or the copper 
group ; those which are not precipitated by sulphuretted 
hydrogen in an acid solution, but which are precipitated in 
an alkaline one, or the ii'on group ; and those which are in 
no case precipitated by this reagent, as their sulphides are 
soluble eitiier in water, acids, or alkalies, as the metals of the 
alkalies and alkaline earths. 

Hydrogen dhalphideiJ^^Bd) is obtained by pouring a solu- 
tion of calcium disulphide into hydrochloric acid : — 

CaBs + SHCl-niSo-f-GaCk 

An oily liquid falls to the bottom, wdiich is hydrogen disul- 
phide ; it closely resembles hydrogen dioxide in many of its 
properties ; it has a peculiai* smell, bleaches, and is easily de- 
composed into sulphur and sulphuretted hydrogen. 

Carbon Dimlphide (CS2 ; atomic weight, 75*93 ; density, 
37*96). — When the vapour of sulphur is passed over red-hot 
charcoal, as in the apparatus showm in fig. 6, a volatile 
com}>ouiid, CS2, is formed, which may be condensed to 
a heavy colourless liquid, possessing usually a very dis- 





agreeable smell, boiling at 46° C., and having a specific 
gravity of 1*292. It is very inflammable, its vapour ignit- 
ing at 149° 0. when mixed with air, forming carbon dioxide 
•and sulphur dioxide. It is insoluble in water, but is a solvent 
■of gums, caoutchouc, sulphur, and phosphorus. Its vapour 
is very poisonous, and it requires gi'eat caution in its use. 
When perfectly piire it has a pleasant smell. 


SHORTHAND.— CHAPTER Y. 

FINAL HOOKS OIliOLE S — ST- LOOP — THEIK FORMS, USES, AK2> 

COMPOUNDS. , ' ■ 

The student will have noted in the preceding chapter the 
explanation given of the initial hooks, adding I and n 
There are also final hooks adding /, and slou^ tion (shon). 
When a final hook is placed' on the left side of a straight 
line representing a consonant, it indicates the addition of n 
to the consonant signified; but if the final hook is placed 00 
the right side it adds/ to the preceding consonant 

PINAL HOOKS. 

ifivial hoohj adding N. Final hoohf adding F or F. 

J J . — => (3*-^ ^ 

pn, tn, elm, kn, rn, wn, hn. pf , tf, ohf, kf, 1 % wf, hf . 

To every consonant, simple or compound, formed by a 
curved line final hooks may be added in the mode exhibited 
in the following arrangement, viz. — 

Final hook, adding N to all curves. 

^ Vs C C ) 3 cJ . 'll" 

fa, vn, thn, tJin, sn, za, shn, zhn, mn, mpn, nn, ngn, la, m, rchn. 

There is no / or hook to curved letters. 

A large final hook — technically called the skon hook — 
is used to represent the termination tion, shion, sian, sion 
(pronounced shon). This hook can be added to both straight 
and curved strokes; as — 

Vo fashion, remission, passion, '^-^auction, t cushion. 

When the tion hook follows a curve it is written on the 
inner side like the final % hook noted above. At the end 
of a straight line (1) beginning with a hook, (2) a circle, or 
(3) springing from a curve, the tion hook when final is 
written on the opposite side that the straightness of the 
letter may be preserved; as — 


02 :>pression, — 3 collection, ^'^--^affection, selectim. 

In other cases, however, tion when final and following a 
straight-line letter is written on the opposite side to that on 
which the vowel (or accented vowel if more than one occurs) 
is placed, thus: — 

passion, caution, diction, operation. 

After t or d, not preceded by a hook, circle, or loop, the tion 
hook is always written on the right side; as in addition. 

The following exercise on the final hooks should be care- 
fully copied several times, writing out the words represented 
by the characters: — 

\ \ \ \ I L Jv J, 3““ j- 

X I" / T> V J- L‘ 

6^, 6^ ^ ^ ^ ^ 

Vc. ^ ^ ^ 

The student may now advantageously practise the writing * 
1 of the following words, referring to the directions given in 
; any case of doubt or difficulty: — action, faction, paction; 

! lection, section ; diction, fiction ; suction, nation, ration, 

station; lotion, notion, motion, potion; conversion, diversion, 
perversion; vision, division, prevision, provision, excision; 

I addition, . condition, monition, munition, punition, fruition, 

I exhibition, inhibition, «&c. 
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We now proceed to explain a very important part of 
Pitman’s ingenious sptem of phonography, namely, that 
which provides additional signs for s and s, or the sound 
of z. This is given on account of the very great frequency 
mth which the sounds of 6' and s occur (1) initially, (2) 
medially, and ( 3 ) finally. This important sibilant is repre- 
sented by a small circle, which is used to represent either 
of the letters s and 

(1) The simplest form of employing the s or ;s sign (circle o ) 
is provided for use when it is required between two con- 
sonants. 

It is important, however, here first to observe that a vowel 
cannot be read either before, after, above, or belowthe circlesign 
for s or 0, that is to say, the vowel occurring in a word where 
this circle is used must be read either before or after the 
consonant to which the circle sign for s or 0 is joined. 

The student, after carefully noting the various forms of 
composition in which this circle sign is joined, should practise 
fche following exercise carefully, so as to attain the ability 
to form the circle neatly and rapidly, particularly giving 
attention to the manner in which the circle is formed, and 
the relation it holds to the other letters with which it is 
joined: — 

^ ^ -f Y ^ ^ 

V> V \i_^ ^ ^ 

^ W ^ ^ ^ ^ ^ 

^ 

The circle is turned on the right side, between t ox d and 
k ory, to express kr, gr; thus, t-y descry, [5^ disgrace, 

(2VThis circular sign for s is prefixed to straight-line 
letters by forming the small circle on the right side of t and 
d, and on what is practically the corresponding side of ail 
other long stroke- letter signs, thus: — 

\ r f /“ / - -- 

sp, sb} St, sd} sch, sj i sk, sgj sr. 

Emrcise,—y^x\io star, stain, stair, stab, stall, stave, stove, 

, stir, storm, still, stem, stitch, stand, staunch, strife, sad, said, 
sod, side, sedge, sudden, spar, spare, spur, spurn, spore, 
sport, sperm, spring, sob, sop, soup, subtile, subject, ask, 
bask, cask. 

( 3 ) In the case of curve-formed letters, in whichever way 
they are struck, the circle s is written in the inner side, 
i,e, within the concave wliich it makes, thus: — 

c c !) :> j j r ^ 

sf, svj sthjSiA; SB, sz} sail, 8zh; slj ar, sreii; am, amp; an, 8ng» 
as in ^ scjfcfe, save, ^ south, 3 seise, ^ slay, sir, 
<0* seem, seen, ^ snow, ^ sing. 

Write safe, soft, suffer, south, saith, sly, slip, 
slain, sleep, sir, sire, sure, search, smash, simple, sunny, sung, 
snore, snort, single, sluggard. 

( 4 ) When the sign for circle "s. is prefixed to the double 

consonantal letter C™ kw it is written twice the ordinary 
size; as 0— sk, q_ skw, as in squirrel, square. 

Exercise. — Write skin, skewer, askew, squirt, squeeze, 
squander, squalor, squeamish. 

In addition to the foregoing four simple methods of using 
the sign for circle s or 0, it may be prefixed to the hooks 
r and I, forming triple consonants; thus 

»pr, abr ; fitr, adr } akr, sgr: apl, ablj atl,adlj scbl, sjl; akl, aglj 

Exercise, — Write spray, sprite, spring, string, strength, 
skirmish, scrub. 

It will readily be noticed that this is accomplished by 
forming the pr, &c., into a circle on the left side of the 
; circle; , but it must here be stated, as a precaution requiring 
atT^ention, that f stl, ski, &:c., are formed by adding the 


circle in the inner side of the hook, because the circle on. 
the left side is already allocated to the representing of 
f St, \ sp, ^ sk. 

The circle s is added to the fr, fl series in the same- 
manner, thus:— 

^ mr, smr. 

B is prefixed to w thus, sw, as in meep, 

swear. 

As there are no English words containing the sounds 
which the signs J schr and srr v/ould represent, 
these signs are made to do duty for Jq k Sometimes. 

these triple consonants occur medially, as in <|^ destroy, 

display, disclose, after circle and sometimes 

therefore a perfect hook cannot be formed. In such cases 
an imperfect one will be found practically to suffice, as in 
the examples annexed, viz. explain, rascal. 

The following exercise illustrates the various uses of the 
initial and medial circle s, and we would urge upon the 
student to bestow much care on tiiis exercise: — 

^ ^ / 3 f ./^ 

^ V “h T ^ ^ ^ 

^ 

^ children, Q^sway, ^ civil, prisoners, cattle. 

The circle $, lengthened to a loop half as long as a con- 
sonant, represents st. It is used initially thus, stop^ 
^ stuff, -f state, stage, stick, ^ store, ^tory,. 
stale. 

MUSIC.— CHAPTER Y. 

MUSICAL NOTES IN SCALE — BESTS — EXERCISES IN VARIOUS 
KEYS — THE TUNING PORK — SHARPS AND PLATS. 

The student has now reached that point at which we may, 
with propriety, place before him what may be called a 
musical time table. It will help him to gain a true concep- 
tion of the relations between one note and another if he 
consider the notes to possess the following respective propor- 
tions, viz, : 

SEMiBRiilVE, the whole note. 


Minim, the half note. 


Crotchet, the quarter. 


Quaver, the eighth. 




Semiquaver, the sizreeiith. 


Demisemiquaver, the thirty-second part of a semibreve. 
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The whole .of what is indicated in, the foregoing table of. 
musical notes maybe summed up thus: — One semibreve is 
equal to two minims, four crotchets, eight quavers, sixteen 
semiquavers, or thirty-two demisemiquavers. ' Conversely the 
minim is half a semibreve, the crotchet half a minim or the 
fourth part of a semibreve, the quaver one half of a crotchet 
or the fourth of a minim, the eighth of a semibreve, &c. 

The following short exercise should be practised in the three 
modes previously mentioned. Let the va.rious len.gths of the 
notes be carefully observed, A, B, and 0 being sung, in exactly 
the same time. 

Ke'i/ IK ' A 










s :m 





u 


^ 



, M 

Z ! 


— ^ — - u 
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Occasionally in Sacred Music the breve 




which is double the length of a semibreve, is used; and in 

very rapid instrumental music the semidemisemiquaver, ^ 

0 

which is only the sixty-fourth part of a semibreve, is adopted, 
though these two notes are seldom required. It may be 
mentioned, too, tliat in the earliest written music, notes of 
other shapes and values were employed. The notation during 
the fifteenth and sixteenth centuries was of the following 
form, and was written on a stave varying from four to six 
.■lines:—.'. 


T : : 

^ IZU TH j C> 

> < 

> 

I""" 

n 




ZZZ . ! 


L 1 


Large. 


Long. Breve. 


Semi* 

breve. 


The semibreve, which is now taken as our whole note, was 
then one of the siiortest, and was used in light music only. 


TABLE OP BESTS. 


— W— 




3- 




r— — f-r — H 

i 


3— 



Seim- Semi- Demieemi- Semidemi- 

breve. Crotchet. Qmi.ver. quaver. quaver, eemiquav. 

In tonic sol-fa the same time relation of the different notes, 
-as given in page 560, would be exhibited thus: — 


[| 

{i 

(I 


Pour Pulse-note, corresponding to Semibreve. 


Two Pulse-note, corresponding to Minim. 

Id 

One Pnlse-note, corresponding to Crotchet 

:d Id :d 


Half Pnise-note, corresponding to Quaver. 

||d .d :d .d Id .d :d .d 

Quarter Pulse-note, corresponding to Semiquaver. 

||d ,d.d ,d:d ,d.d ,d Id ,d .d .d:d .d.d ,d 

Eighths of a pulse-note, corresponding to Demisemiquaver. 

I j dd,dd.dd,dd;dd,dd.dd.dd | ddM.ddM:dd,dd,MM 


^ It will be seen that in this notation there Is no special 
sign for eighths of a pulse. Two eighths are simply written 
in the space that would be allotted to one quarter, and six- 
teenths, corresponding to demisemiquavers, would be repre- 
sented in the same manner. 

To assist the learner Mr. Gurwen, towards the close of his 
useful and successful career, adapted from the French a 
language of musical time which is now much used. It pro- 
ceeds on the principle that by speaking the given time- name 
a true conception of the duration required for any note wiO 
be obtained. For the sake of those who may prefer to use 
these names, or who may wish to know what they may mean 
and their value in music, we give the following— 

TONIC SOL-FA TIME CHART. 

By John Curwen. 

Tbiruh. 


WKOXm. HiiiVEIS. 

:1 

TAA-Al 
or TAA 


-AA-AI 
or -AA 

SHAA-AJ 
or SSAA 

.1 

TAATAI 

.1 

-AATAI 

.1 

/S'AAtai 

taaSAI 


:1 


.1 .1 ,1 

tafatefo 

.1 ,1 

TAAtefe 


:1 


TAA-efe 


.1 


1 ,1 .1 

tafaxAi 

,1 .1 ,1 

safatefe 

1 ,1 .1 , 

tafate«e 


TAAsefe 


,1 


:1 

:1 


,1 J 

taataitee 

.1 

taa-aitee 


.1 

taatai-oe 

,1 ,1 

taataitee 

t , * 

taa-aisee 

tsAsai-ee 

. ,1 

taataitee 


Eighths. 

tanafanatenefene 

Ninths. rllljintl 

taralatereletirili 


Sixths. : 1 1 , 1 1 , 11 
8 acooats. tafatofotifi 

3 ' ' ' ' 3 ' ' ■ 

Sixths. : 1 1 1 . 1 1 1 
a nocants. taralatorelo 


Note. — “ Ai ” is pronounced as in maid, fail, &c, “ Aa” is pro- 

nounced as S, in father, a” as in mad, “ e ” as in led, and “ i ” as in 
lid. When it is desired to show the strong accent the letter “ r is 
inserted thus, traa-ai,” “ traatai,” &c. When there is need to ex- 
press the medium accent the letter *4” is inserted in a similar way. 
These time-names are copied from M. Paris’ “ Langue des durdes.” 
The more minute divisions are seldom used except in instrumehtal 
music. In the Tonic Sol-fa notation we often write twrt measures 
in the place of om in the common notation, thus expressing the 
accent more truly than it does. 

It should also be explained that although for the ordinary 
notation we have here adopted the German method, yet the 
crotchet is not always taken to represent one pulse or beat of 
a measure. A minim is occasionally employed for that pur- 
pose, and not unf requently a quaver stands as the aliquot part. 

We are now in a position to have scale and chord exercises 
of a more interesting and melodious character than those 
given in the earlier stages of our studies. In practising 
those that immediately follow the student should endeavour 
to give each vowel its exact sound, and ought to see that the 
toues are well formed and delivered without obstruction from 
Hps, tongue, or teeth. Let the throat be freely opened, the 

11—12 


VOL. H. 


MUSIC. 


lungs well inflated and rightly filled^ and the breath held 
back and kept thoroughly under command. ^The nameSj 
tonic, &c., show the chords (see p. 269) by which the exer- 
cises may be accompanied. 

Key €. Exercise 72. Geo. F. Boot. 


Toano. Domikant. Tonic. Subdomikant. 



! 

p. 

— 

— 

^ 


H— t f 

1 — 1 — 

td 

=; 






Lid 


d :d id :d |r :r! r :r ]iii:m|iE;m|f :f If :f 


Oti ah a 8 ! oh ah a c I oh ah a e ! oh ah a e 


Tonic. . StrsnoMiKAOT. . Dosiinaot. Tonic. 


H — 1 — 1 

tut 


j 


“TT" 


m 1 




1 



_J 





I 1 

i . - 

1 - 

1 I 

tii 

1 

/Is' :s is :s 

i j Oh ah a « 

jl :1 !1 :i 1 

1 oh ah a e | 

t :1; It :t 1 

oh ah a cs I 

:d' 1 

[ oh ah 



Key G, Exercise 75. 


Tonic. 



Dominant. ■ 

1 

Tonic, &o. 

1 — 

•#4 


r ■ ■_ ' : 


"m 1 . J -1 

_ • Ij ^ J 

... 





15- 


d : r I m : f s f 1 m : r d ; r I m : f s : f ! m: r 

A - do - m - ta ca - TO ma~dre a - do - ra - ta c» - ra wr^e. 


BS 






Bssps 


a 

j 

i 1 /R 

n ..M 



TL 

_I « L_U 1 JlS 


— hsd ® 







M 

-0- 


j jd.r :m.fi s.f:m.r j ci.r:m.f | s.f:iii.r jd 

0 ............. . 

1 

u 

The previous exercise should also be sung in the othei 
keys, ascending to F. 


Key C. 


Exercise 73, 


Root, 


Key C. 


Esiercise 7®. 


Tonic. Dominant. Tonic. 



d :mls :d'|t :s If :r jd;m|s:ia\ 



Ah I |Ah - - - - 

DoinNANT. Tonic. Subdojoinant. 


-T 7--"- 

— _ — 

t 



F=-- -a 




1 ' 4;^ g 

l-w-gN 

rr 

||d :r lm:f 

js :1 

! t ; 

:d*jd‘:t 11 :s 

- W 

|f :m|r ;djj 


1. A - ma - te - mi so - rel - li - na a - ma~te - mi col - rel - li - ua. 

2. A « mo - li - mio buon-fra-tel-lo a - mo-il-mio btion-fra-tel - lo. 



r 1— : d :m Is :d' d :f 11 :d‘ 1 
. , - « - Ah - j 


Dominant. Tonic. Dominant. Tonic. 



Key C. Exercise 74. Geo. F. Root. 


TZ' " . .J ^ ! , m i 






m 



F-F 

9 


^15 

— ^ 


— 

[1 ^ 

_iL 

0 





|jm -.s id‘ 

: m' 

jr' :t 

Is 

1 

1 ;f jm 
. - - |Ah 

1 — ^ 1-, 

: s id' : m' | 

V p. 


...T 



..ii> . 1 

td 


1- * 

J_ i 

. i J.:.- 


tit 

t^it 



1 . 

^ T 

■1 « 


1 _ , j ■ 1 

{r'ri-; 1 

d' : s 1 m : s 
Ah, - - 

jl :f Id',.;! 

s :t |r' :t \ 
lAh -. - - . j 


The above should be sung in successive keys up to B. 

Familiarity with the seven tones of the scale ought now, 
in some degree at least, to have been gained, and from 
experience it must have been learned that while the pitch at 
which the scale is sung varies with every new key-name, th©' 
scale itself remains the same. It is like singing the same 
tune sometimes high and sometimes low— the tune itself is 
never altered, the ""key or pitch at which it is sung alone 
undergoes a change. 

To enable the student to the key- tone, at any. 

required pitch, it is now necessary to explain that middle G 
(p. 468) is taken as the standard of pitch, and it is from 
this given sound that we measure all the others. The instru- 
ment called a C tuning fork produces a sound an octave 
higher than middle 0. In using it the prongs are, by a blow 
or by pressure, made to vibrate; the voice catches up the 
sound thus produced, and descending the scale, using the 
letter names (p. 468), dwells upon the key-sound desired, 
transforming the letter name, as A, B, B, F, &c., into the 
key-name Doh. Suppose, for example, that the piece of 
music we intend to sing is written in the key of F, we take 
the sound C' from the tuning fork, and running down the 
scale 0 B A G F (equal to d' t Is f)> the voice dwells for 
a time on F, which sound we make our Dok To put our- 
selves in tune for singing in tiiat key it would be well to 
supplement the fixing of the sound of Boh by singing the 
complete tonic chord. If the tone B were required for Boh 
we would proceed as before, going only haK a tone lower; 
thus— 




I# 

r-..' rr— 

g=:__r=n 

1- JL— L Of Mzzianznnr 



Urn 


n 


rid' 1- ; r‘.d*:t.l!s.f:m.r d : 

\| Ah 


Bxercise 74 can be accompanied with the same chords as 
Exercise 73. From the Itahan language, so soft and beau- 
tiful in itself, we may obtain great assistance in arriving at a 
correct delivery of the different vowels. In the two. exercises 
that follow, taken by permission from Principles of Sing- 
ing'* by A. B. Bach, let it be observed that a sounds oA, 
t sounds (flsc, while t sounds ee. 


C'B AGFE — — - ld:m:sld»: — 1 — 11 

For the key of B we would simply descend one tone lower 
for our key-sound. It should be carefully observed that in 
descending thus with Itie letter names the semitones come as 
with the syllables, and that the letter names, as thus used, 
spell the words ^‘bag” and *‘fed.” 

In the specimen pieces which follow, the position of Boh 
on the staff is varied as much as possible, that the student 
may be enabled by practical experience to strike the different 
distances, or intervals, as they are called, in any key. For 
the sake of those who use the sol-fa system only the key- 
name wiU still be given, but the student of the ordinal^ 
notation will always be able to find in which key his music 
is written if he remembers the following rules, Where- 
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there is neither a sharp nor a flat (fe ) at the beginning 
of a piece of music, the key must be G or its relative minor A. 
This will afterwards be fully explained. (2) In keys with 
one or more sharps in the signature the last sharp is always 
on Te, the leading note; Boh must therefore be the note 
immediately above this last sharp. For example, in the key 
of G we have a sharp ( )' on F ; in the key of B two sharps 


are required, the latter of which is on 0. In both cases, 
indeed in every case, Boh will be found a semitone above the 
last sharp. (3) In keys with flats the last flat is always on 
Fah. Thus in the key of P there is a flat on B, which is 
Fah to F. With the key of (flat) we have two fiats, the 
latter of which is on E, which is Fah to B, and so with the 
other flat keys. 


E:B:ercise 7^— Duet— BEAUTIFUL MONTH OF MAY. 
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Exercise 78. — Four Parts— Short Score— GOD IS NIAK. 


Jas. Sneddon, Mus. Baa 
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Uxerclg® 8©,— OHKISTIAN SOLDIERS. 


Jas. SiiTifiDDON, Mns. Bac. 
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DEAWINa—GHAPTER IV. 

FOLIAGE AND PLOWEilS — SKETCHING FROM KATHEE. 

Eo part of the art-student’s work is more attractive, or morb 
generally instructive, than that which leads to the minute 
study of the forms of nature. Although the love of flowers, 
and the desire to have and enjoy them, is so universal, it is 
astonishing how carelessly most people look at them, and 
how little they really know about them. Their beauty is 
used for the adornment of the house or the person, and 
when they fade they are usually, without much thought, 
cast aside. Still there are some few who regret that all 
this fascinating beauty of form should so utterly pass away 
from, sight; and some of these few feel sorely tempted to 
make an effort to perpetuate the charms of this loveliness by 
imitating their form or colour (or both) with pencil and 
brush. However slight this attempt may be, and however 
poor the result it yields, yet the student who makes the 
effort must gain by setting himself to it, for there are many 
things to learn from flowers as well as about them. 

Our poet laureate thus thoughtfully writes of these free 
gifts of nature: — 

“ Flower in the crannied wall, 

I pluck you out of the crannies ; 

Hold you here, root and all, in my hand, 

Little flower — but if I could understand 
What yon are, root and all, and all in all, 

I should know what God and man is.” 

The laureate seems as if he would philoso- 
phize about it, and find wisdom by so doing. 

And yet perhaps a more excellent, and if not 
indeed, the best way, certainly a good way to ^ 
learn and know more about the “ little flower,” is to sit down 
and make as careful a drawing of it as possible. A little 
elementary knowledge of the very attractive department of 
botany will help us very much in making this drawing, and 
the Plat^ illustrative of leaves in Botany, Chapter Y., can 


scarcely fail to benefit the student. The first thing we 
should know or remember about plants is that the^ grow^ 
and that the laws of their growth must be expressed in our 
drawing. To find out tliis law of growth it will be well to 
take some simple spray of foliage and dissect it, dividing the 
leaves from the branches, and draw the naked branch first. 
Take, for example, the branch of oak shown in Plate V. 
Such a branch can be found in any winter walk, and it forms 
an excellent elementary study; the joints should be very 
carefully studied, and some of them separately drawn. The 
way in which every little spray clasfs on to the parent stem, 
and the wonderful mechanism of the joint, will be found to 


be not only so beautiful, but so well adapted to its purpose, 
that the student will never again draw this articulation ^ 
carelessly. 

Upon examining other plants it will be found tlmt each 
one — as has been explained in Botany — ^bas its own peculiar 
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way of growing, and that the manner of its growth gives j 
character to the whole plant. A sketch is here given of ^the 
ivy, fig. 1, and special attention is called to its branching, 
and the joints of the leaf-stalks. When the branches have 
been carefully studied, attention may be given to the leaves. 
In botany leaves are classified into certain divisions or orders, 
and these classes have definite names Indicative of their 
characteristics- [See Botahy, p. 4S1.] Some examples of 
these divisions are given in fig, 2, and although these 

Fig.*2. 



these are entire, but many others are divided or indented in 
a variety of ways; these little divisions are often put in by 
students with a careless scribble, but much of the character 
of the leaf really depends upon a careful drawing of the 
edge. Very many leaves take saw-shaped or serrated edges, 
some of these being bi-serrated, that is, the little .saw- shaped 
points being again divided, as in the blackberry leaf. Other 
leaves have dentate edges, that is, scolloped or cut out in 
little arcs, as the fuchsia, while some are crenate or scolloped 
in the reverse way to the fuchsia. 

The student should now make a practical study of these 
characteristics by drawing out a number of single leaves in 
the following manner: — 

A leaf having been selected (and a rather large evergreen 
leaf will be best), it should be pinned up in such a position as 
to show its whole surface, or as much of it as can be shown 
without flattening or altering the natural form. In this 
position the general form, the venation, and the shape of the 
edge should be carefully imitated; the leaf should then be 
turned up so as to be seen partly edgewise; and a third 
drawing should be made when looking as much as possible at 
the edge of the leaf, as if trying to see how thick it was. 
Examples of these positions are given in fig. 2. 

The study of this single leaf should not be abandoned until 
it has been drawn in at least half a score of different positions. 

Fig. a 


well-defined botanical sliapes are often lost in the wonderful 
and infinite variety of nature, it is well for the student to 
know that these classes exist, and that the character of each 
class will be retained in the individual leaf; that is, the 
ovate” or egg-shaped leaf will always have a more or less 
oval form, and the “lanceolate” leaf will always display a 
lance- head-like form, although on the same plant there 
may be much variety. 

It is also very desirable that the student should know 
something about the construction of leaves. Every single 
leaf is made up of two distinct tissues, cellular and vascular. 
The vascular system includes the veins, the cellular the parts 
between the veins. The arrangement of the veins in a leaf, 
or as botanists call it, the “ venation,” is of great importance 
to the art-student, for if the veins be put in the wrong 
direction the leaf at once loses its character. In some plants 
the venation is unicostate (one-ribbed), or has one main rib 
with a number of smaller branches, as in the rose; in other 
plants the arrangement is called multicostate, that is, a 
number of main ribs or branches start from one point, and 
then other smaller ones spring out from them. In each of 
these classes the small veins form a wonderful network 
(reticulated), becoming finer and finer until the unassisted 
eye can no longer follow the ramifications. The leaves of 
another large class of plants are “parallel- veined,” that is, 
the veins start from the base of the, leaf, and run in parallel 
lines to the apex or point, no reticulation or network being 
formed. This kind of venation is found in aE grasses and 
grass-Eke leaves, as the lily. 

The edges of the leaves should next be studied. Some of 



As in previous exercises, the outline drawings of these leaves 
may be tinted with one wash of any simple colour — umber or 
sepia — a careful attempt being made to get the weight, or 
tone, or value of the leaf as seen against the piece of white 
paper behind it (see fig. 3), 

The next step is to try to put the leaves on the stem - 
that is, to draw them as they grow. A spray of some eveic- 
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green plant (laurel or ivy), with about six or eight leaves on 
it, may be taken as the first example. This spray should be 
fixed in a natural position, that is, vertically or horizontally, 
just as it was when gromng. The stem should be first 
drawn, its direction being indicated by a single line, and the 
points where the leaves join on to it should be fixed by a 
slight mark. It mil be well to call attention here to the 
fact that leaves do not ^'ow at random round a stem, but that 
each plant has a certain order of, growth. Very frequently 
this regular, order is partly lost by the destruction of some of 
theMeaves in. the early stages of growth; nevertheless the 
student should look for order, for in nature order exists, and 
not disorder. This leaf arrangement having been carefuily 
noted, and the points fixed on the stem, the leaf-stalk and 
the main rib or centre vein of the leaf should be drawn with 
one long careful curve. In whatever position the leaf may 
be placed this one firm curve will be evident, and should be 
first drawn. The leaf itself should afterwards be drawn 
round' this as a centre line. , 

The /orm of ail leaves should be represented first by a 
single line; that is, as if the edge were smooth or entire. 
When the form is accurately drawn then the divisions of the 
edge and the branching of the veins may be added. It is 
sometimes a difficulty with students to know how far to 
carry tliis matter of veining, and some drawings are covered 
all over with fine lines in a vain effort to imitate all that can 
be seen. This is an old error in art, and the student ought 
to learn early, if possible, that the whole truth about any- 
thing cannot be represented — that it is unwise in drawing 
even to attempt to do this; and yet that every effort should 
be made in every stroke of every drawing to represent jJA? 
truth. The veins in a leaf should therefore be drawn with 
perfect accuracy, so far as the midrib and the primary and 
secondary offshoots are concerned, unless some special pur- 
pose is in view; all else should be omitted. 

After having drawn many sprays of various plants the 
student might again take a very simple group of leaves, and 


endeavour to imitate the light and shade upon them, using 
the pencil, the crayon, or the brush. 

This will be found to be by far the most difficult exercise 
yet attempted. The shining surface of some leaves and the 
hairy surface of others complicate the light and shade; the 
colour (which we suppose to be omitted for the present) also 
adds to the difficulty; but by referring to our previous 
chapter on this subject (p. 470), by choosing a very simple 
example, placing it in a strong side light, and carefully look- 
ing for the shade only, these difficulties, great though they 
be, may be overcome. It is most important that such diffi- 
culties should be grappled with, and, if possible, mastered at 
this stage, for in the delicate quickly fading forms of flowers, 
with their brilliant colours, these mysteries of light and shade 
become harder still to grasp and imitate. 

In this article we shall speak only of the/or >/t6' of flowers, 
not of the colours. We omit this part of our subject with 
great regret, for the glorious colour of flowers is their chief 
characteristic, as it is their greatest charm. We hope, how- 
ever, to lead the student to study and admire the beauty of 
the form—a beauty second only to that of the colour, yet not 
quite so easily discovered, and indeed often missed altogether : 
the shape — the “drawing,” as artists call it — being frequently 
lost, or even unnoticed in the effort made to get the colour. 

Again, we sliall find that in flowers, as in leaves, there are 
certain well-defined classes or divisions of form, but in each 
class almost infinite variety; it is not necessary to describe 
or even mention here these various classes, as they are dealt 
with elesewhere. [See Botaxy, Chap. VI.] But the student 
should at least learn that all flowers have three distinct 
parts, the calyx, the corolla, and the stamens ; these parts 
are arranged in wonderfully regular order, and this arrange- 
ment should be studied by carefully dissecting a flower, 
noting its separate parts in position, form, &c., and drawing 
these various parts in different positions, as shown at fig. 4. 
When the flower is polypetalous — has many petals — these 
petals or flower leaves will be found to be arranged with the 


Fig. 4 



sepals or leaves of the calyx in a regular geometrical order. 
The four or five petals of the corolla will be found alternated 
with the same number of sepals, and even the stamens will 
be seen to be some multiple of four (or five), and to be ar- 
ranged with perfect regularity in relation to the petals and 
sepals. Students will find this order and unity frequently 
diversified by the accidents of growth; but again it is well to 
know that such order exists, and the student will do well to 
prove to himself its existence by drawing from nature a series 
of geometric views of the fronts and backs of symmetrical 
flowers, such as will be found depicted in the Plates illus- 
trating the lessons in Botany. Practice in the drawing of 
side elevations and even sections of such flowers would help 
to realize to the mind a better knowledge of their construction. 

When a single flower has been patiently studied, not only 
in various positions, hut also in various stages of its growth, 
from the bud to the full-grown flower, then a group of flowers 
as they grow on the stem, such as the spray of a lily, 
shown in Plate V., should be taken. 

The student will, on due examination, perceive that in the 
flower — ^as in the leaf — there is a regular and characteristic 


order of growth for each class of plant. This arrangement 
of the flowers on the axis, called the “ inflorescence,” should 
be studied in the chapter devoted to that topic in Botany, 
and thereafter pursued from an artistic point of view from 
nature, by making a number of careful sketches of the flower 
stalks of various plants. Here let us point out, as illustrating 
the usefulness of drawing, that it is hardly possible to study 
the science of botany without such a practical skill in and 
knowledge of drawing as to enable us to make careful and 
minute sketches of plant-form. 

Before commencing to draw the spray of flowers above 
mentioned, according to the advice given, it will he advisable 
to arrange and group them carefully in a good light and with 
a sheet of white paper placed behind them. Every effort 
should be made to preserve the flowers as long as possible by 
putting them in water and keeping them in a cool place, as 
nothing is more disappointing and disheartening to a student 
than to find that his subject is drooping, fading, or falling to 
pieces, before his drawing is half finished. Some amount of 
change is inevitable, for if the flowers do not droop they will 
grow; but still a fair amount of permanency or stability of 
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form may be assured by due thought and well-considered 
care. 

When the student has arrived at such a stage in his pro- 
gress in reproductive art that he has, by practice, acquired 
the ability to execute a fairly good drawing of a simple spray 
of flowers, he will begin to feel that both the floral subjects 
for his pencil and his delight in the reproduction of their 
forms are alike infinite. 

There is here also afforded liim an almost unlimited pos- 
sibility for improvement ; for not only should these drawings 
be strictly correct, like the drawings from copies and objects, 
but there may be added to this rigid correctness an amount 
of delicacy and feeling exhibited in selection, arrangement, 
combination, and correlation wliicli is only limited by the 
capacity and opportunity of the student. The more these 
lovely forms are investigated the greater is the number of 
beauties they disclose, and the more dexterous is the skill 
required to depict them truly and feelingly. There is only 
one step more for the student to take in regard to the pur- 
suit of this delightful branch of our subject. Having studied 
the flowers in the class-room or in his own home, let him next 
hie to the home of the flowers, and, taking his pencil and 
sketch-book into the garden, the fields, or the woodlands, 
study the flowers as they grow in the glorious profusion of 
nature. The first difficulty in such study will be to select 
from the ample store the subject which will be sufficiently 
simple for the student’s capacity. No search need be made 
for flowers tliat are brilliant or rare; the very grass of the 
fields will be found by the seeing eye to be full of lovely and 
delicate forms, and the simplest flower in a common hedge- 
row displays charms of form well worthy of all the skill of the 
most able artist. Let these jewels of the earth be studied 
thoroughly and patiently with humility, nay even with rever- 
ence, and not only will the hand be trained to skilful and 
delicate delineation, but a- new world full of beauty and 
purity will be opened up to the eye, the mind will be filled 
with wonder and admiration, and the heart lifted up in thank- 
fulness to the Creator who made this world so wondrous fair, 
so fairly wonderful. 


TRiaONOMETBY.— CHAPTER VI. 

laiGONOMETBIOAIi CANONS — RATIOS OP ANGULAR MEASURES 
— FRACTIONAL PORMULiE — LOGARITHMIC TABLES ANU 
THEIR USES — EXAMPLES. 

A TRIGONOMETRICAL canou is a table in which the length of 
the sine, tangent, secant, &c., to every degree and minute of 
a quadrant, of which the radius is accepted as unity, is clearly 
exhibited. Unity is, in most tables, conceived as being . 
divided into ten millions (10,000,000) of decimal parts. Cir- , 
cular arcs cannot be compared one with another or with straight 
lines by their geometrical properties. In endeavouring to 
find direct relations between angles and the sides of triangles, 
we have been led to notice that there are certain ratios in- 
volving the length of circular arcs which we can use as the 
measures of angles. It is difficult, however, to introduce the 
measures of angles into our calculations, and we find it easier 
to use, in place of these, certain ratios involving the sides of 
. g right-angled triangles only, 
/ which are capable of being 
/ compared one with another 
/ by means of their geo- 

/ metrical properties. These 

/ ratios— ^though their use is 

/ now extended into aU 

/ branches of mathematics 

/ and of sciences having a 

/ mathematical basis — are 

/ designated trigonometrical 

^ ratios. They supply the 

— -i means of representing the 

value of an angle in the same kind of measure as that in 
which the sides of a plane triangle are expressed — is. linear 
measure. 

There are, it is obvious, six fractions which cafi be formed, 
by the site; qf ' any lamngle, taking them togette two by 


two. Of these six fractions it has been found convenient te- 
calculate the numerical values frorn O® to 45°-— ?*.c. throughout 
an entire quadrant, and to incorporate them in tables for use 
in calculation. On examining the preceding figure, it will be 
seen at once that the following are the six possible frac- 
tions, viz.: — 

(1) The ratio of (a) the side opposite to the angle to {h) the 

hypotenuse, i.e. the fraction which is the dm 

^ hypotenuse 

of the angle. 

(2) The ratio of (a) the side opposite to the angle to (d) the 

: side ' adjacent to the angle, i.e. the fraction-^^-^^^J-^^— ' 

i which is the tangent of the angle. 

(3) The ratio of the hypotenuse to the side adjacent to the 

angle, i.e, the fraction which is the meant of the 

DSbS6 

angle. 

(4) The ratio of {a) the hypotenuse to (5) the side opposite 

to the angle, i.e. the fraction which is the 

® perpendicular 

comcant of the angle. 

(5) The ratio of ((z) the side adjacent to the angle to (5) 
the side opposite to the angle, i.e. the fraction 

perpendicukri 

which is the cotangent of the angle. 

(6) The ratio of (a) the side adjacent te the angle to (5) 

the hypotenuse, i.e. the fraction - — — , which is the 

hypotenuse 

codne of the angle. 

These may be arranged in the undergiven formula: — 


T>p ATi 

with its reciprocal 
Aj> Jov 


The former of which is ths* 


dne of the angle A or sin A; the latter the cosecant of the 
angle A or cosec A. 

BO AG 

with its reciprocal The former of which is the 
AU iJU 

tangent of the angle A or tan A; the latter the cotangent 
1 of the angle A or cot A. 

AR AC 

i ^ with its reciprocal The former of which is the 
I AG ^ AB 

' secant of the angle A or sec A; the latter the cosine of the 
! angle A or cos A. 

Tins may even take the following form of expression:— 

Sin A= — - — j ; cosec ; 

cosec A sin A 


tan A= - i-, ; cot A = —A ; 
cot A tan A 

sec A = -l-r ; cos A— ; 
cos A sec A 

which has the advantage of enabling us frequently to reduce 
the expression from & fractional to an integral form. 

Of these trigonometrical ratios the sine, cosine, and tangent 
are, in practice, the most frequently employed, and they may 
therefore be called the 'primary ratios. The secant, cotan- 
gent, and cosecant may be considered as secondary ratios, 
while the versine ( = l--cos A), and the su-versine (^1-f 
cos A) may be regarded as tertiary ones. As we have seen 
that the trigonometrical ratios determine the angles, and 
conversely the angles determine the ratios, it follows that 
any determinate value which may be given to the one enables 
us to find a determinate value for the other. 

Only a word of caution may be required here — viz. that 
though for the same angle there is one determinate value, 
and one only, for each of its trigonometrical ratios, the 
converse does not hold, that for any given value of the sine, 
tangent, cosine, &c., there is one determinate value, and one 
only, of the angle. This requires to be kept in mind to 
prevent mistakes, for there are (possibly) corresponding to the 
same value of the sine, tangent, cosine, &c., an indefinite 
number of values of the angle. 

The values of the trigonometrical ratios of all angles in a 
quadrant, i.e, from 0° to 45°, have been (as we have said) 
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calculated and reduced to a tabular form, which is given in 
mathematical treatises compiled lor the purpose as a “ Table 
of Natural Sines,” &c. This table, however, is not now so 
much used as it was formerly. It has been found to be far 
more convenient to make use of the logarithms of the natural 
sines, &c. These logarithms are found in another set of 
tables (now in very general use), entitled “Table of Logar- 
ithmic Sines, Tangents,” &c., in which the values of the 
trigonometrical ratios are registered side by . side with the 
angles to which they correspond. Cagnoli thinks that 
the best way of computing trigonometrical tables is first to 
form the table of natural sines, and then to take from the 
common tables of logarithms the logarithms of the numbers 
therein given. Tables have been so thorougWy verified, 
that ill most icases they are accepted as certain, and com- 
putation is now very seldom made. It has been shown that 
wlum the sines and cosines of any angle are known, the 
tangents and secants are readily found, and tables of tangents 
and secants are also in reality tables of cotangents and co- 
secants. 

It is a fact that all rectilinear figures can be divided 
into triangles, and every triangle is either (1) right-angled, 
(2) the sum of two right angles, or (3) tiie difference between 
them. Thus, in reality, the knowledge attained, through 
trigonometry, of triangles alone, can readily be transferred 
to and become an aid in the computation of the proportions 
of figures of any sort. If therefore tables are formed, which 
present in an easily applicable arrangement the proportionate 
values of the sines, cosines, and tangents of all angles, they 
would, really, not only register the proportions of every right- 
angled triangle, but also the proportionate measurements of 
all surfaces. For, as we have shown above, the secant, co- 
secant, and cotangent of any angle are the reciprocals respec- 
tively of its sine, cosine, and tangent; and this fact may be 
put in tabular form thus: — 

1. Thesineo£anangle=(?)t®“°™®.“t'‘' complement. 

® (b) the sme of its supplement. 

. “ complement. 

(h) the cosine of its supplement. 
f it __ (a) the cotangent of its complement. 

^ to ^ " (5) the tangent of its supplement. 

_(a) the cosecant of its complement. 
(b) the secant of its supplement. 


2 . 


3. 


4. 


secant 



himself with and to verify these various [and all their con- 
current and consequent] relations. 

Trigonometrical formidse are translated, as it were, in^ 
numerical values by logarithms. The word logarithms is 
compounded of two Greek words, logos, used with the 
signification of ratio, and arithmos, meaning number ; and 
it is therefore literally a term signifying the ratios of num- 
bers. These logarithms are artificial numheis employed to 
abridge the operations of computation, and the logarithm of 
a number is the exponent of the power to which some other 
given invariable number must be raised so as to produce the 
original number. The invariable number is called the base. 
It may be either greater or less than unity, but when once 
chosen and fixed upon it must be retained in the formation 
of all numbers in die same system of tables. ^ 

It has been found that a system of logarithms calculated 
on the base 10 is far more convenient and workable than 
any other, and hence almost aU the tables of logarithms now 


in common use are computed on that base, and this i.'- 
generally known as^riggs^ system. In these 1 ogarithms 
{a) the integral poraon is called the characterutzc, and 
(b) the decimal part is called the ma^ 2 fwa----from a word 
of Tuscan origin signifying a make- weight, an overplus, a 
handful thrown in over and above the precise weight. 
Hence with a base of 10 it is only necessary to register 
the mantissa in the tables, as we can determine the charac- 
teristic by counting the digits in the integral portion of the 
number of which the logarithm is sought. 

If we have, for example, 73594 given as the original 
number of which we are to find the logarithm, we see that 
it lies between 10,000 and 100,000, or in another form of 
expressing the same fact, 10\ ie, 10 raised to the fourth 
power, and 10®, i.e. 10 raised to the fifth power; and it 
must therefore have for its characteristic, i,e. the integral 
part of its logarithm, 4 with a mantissa, i,e, a decimal 
annexed to it. In the case of the number before us, it 
would take the following tabular form according as it was 
required, as of the first, second, third, fourth, or fifth, &c., 
power: — 

In the first instance '73694 being taken as only a decimal 
part of, and therefore as less 
Log *73594 = 1 *8668424 than unity, receives the negative 
7'3594 =0*8668424 sign; it is, however, more com- 
73*594 =1*8668424 mon and convenient to use, in - 

735*94 =2*8668424 stead of the negative sign, the 

7359*4 =3*8668424 characteristic of the arithmeti- 

73594* =4*8668424 cal complement, as 

*73694=9*8668424, &c. 

From this example we may see the immense advantage 
of logarithmic tables. The same register in the tables can 
be made to serve for any series of numbers wliich have the 
same significant digits occurring in the same succession, and 
differ only in the position wiiioh the unit’s place has among 
these digits; as, the logarithm of the number 3*4667, which 
is *5386617, can be employed to express the logarithm of any 
one of a whole series of numbers, such as 345670, 34567, 
3456*7, 345*67, 34*567, 3*4567, *34567, *034567, &c., in- 
clusive of any number formed (1) by adding cyphers to the 
end of the integral series, or (2) by adding cyphers to the 
beginning of the decimal series. AU the whole numbers 
from unity [1] up to a certain (indicated) limit — say 100,000 
—with their logarithms (in which, however, the characteristic 
is usually suppressed) are contained and exhibited in tables 
of logarithms. They thus contain all numbers consisting of 
not more than five digits, and are generally computed to 
seven places of decimals. It is a well-known fact that 
an alteration of the decimal point is equivalent to a multipli- 
cation or a division (as the case may be) by some entire 
power of 10, i,e. alters the logarithm by a whole number 
either added or subtracted. Hence the fraction less than 
unity, which is a part of every logarithm, does not depend 
on the position of the decimal point, but altogether upon the 
significant figures. It may be as weU to note, here, definitely, 
that those figures which precede the decimal point are called 
integers, those which follow it decimals, and that figures, as 
contra-distinguished from ciphers, are denominated significant. 
Thus in 368*414 the 368 are integers and the 414 decimals. 
Had it been 36*841400, the 4 preceding the ciphers would 
be called the last significant figure. From this remarkably 
simple consideration the following rule is deduced: — // the 
number be an integer, the characteristic of its logarithm is 
the number of digits of which it consists diminished by 
unity [i]; and if part of the number he a decimal, the charac- 
teristic IS the number of digits to the left of the decimal 
point diminished by unity [1]. Considered thus as trust- 
worthy registers of the numerical value of certain ratios 
already calculated, and therefore capable of being referred to 
and used without the trouble of fresh computation, logar- 
ithmic tables are of great benefit in securing expedition and 
accuracy. In consulting tables of logarithms, the number 
of which we seek the logarithm is called the argument, 
and the logarithm sought is named the function, Le, if tbe 
number for which a logarithm is to be found is 90 that is 
the argument, and we find as its function 1*954243. Con- 
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versely, if we have the function, i.e. the logarithm 2 ’394452, 
the number of which it gives the value is 248. In trigono- 
metry again, for instance, if we had an angle 32° 24', and 
taking that as argument, looked in the logarithms of tangents, 
sines, &c., we should find that the tangent was ’6346193 and 
the sine ’5358268, and these would both be functions of 
the angle 32° 24'. Suppose, again, that we have given 
us 6 ; 12 : : 50 to find what x is. We would require to 
take the logarithm of 12 and add to it the logarithm of 50, 
and from the sum subtract the logarithm of 6; the calcula- 
tion would stand thus: — 

Log 12 = 1-079181 
+ log 60 = 1-698970 


2-778151 
log 6=0*778151 

.‘.log 5? = 2*000000 t.fi. a? =100. 

To find numerical value of .3? if a =20 and angle A =30° 10'. 
Having given that - = cot A, we require to proceed 

thus : as « =cot A ^=a cot A, so that, in tabular logar- 
a 

ithms, log X will equal log css-plog cot A ~ 10. 

Knowing that a =20, we “ enter'" the table of the logar- 
ithms of numbers with 20 as argument, and find its log 
= 1*301030; and angle A being 30° 10', we find on looking 
in the table of 30° opposite to 10' in the number of minutes 
given down the left side, and in the column headed by the 
word “ cotangent,” that its iog= 10*235648. These we place 
as before, thus: — 

a = 20 log a = 1*301030 

A= 30° 10' + log cot A= 10*235648 

11-536678 

from which we subtract log rad = 10*000000 

which leaves us log x = 1 *536678, Ltf. 5? =34*41, 

as we discover by observing the method explained for taking 
out the figures in the introductory part of the tables employed 
Again, if in a rectangular triangle A B G, there is given 
the side BC equal to 162 yards, and the acute angle B equal 



to 53° 7' 48" to find the other parts of the triangle — viz. the 
angle A and the sides AC and A B, we proceed thus:— - 
Angle 0 = 90°, and angles A4-B = 90°, therefore angle A 
equals 90°~53° 7' 48", ix, 36° 52' 12". Then to construct 
the triangle let us (1) from the point C, draw the indefinite line 
G D, and (2) at the point B, in the line C B, made from a 
scale of equal parts equivalent in ratio to 162 yards, lay off 
the quantity of the angle B, viz. 53° 7' 48". Upon the line 
B 0 erect a perpendicular at C, meeting A B in A, and of 
course making the angle A = 36° 52' 12". 

We may indicate the lines B C by <35, A G by 5, and A B by 
(?, and can reason in this way : Log A C = log B C-Plog tan 
B - log rad, therefore the computation stands thus: — The log 
A C=the log B G, which is 2*209516 (as we find at once on 
inspecting the table of logarithms under the number 162)-Plog 
tan B, i.e, 53° 7' 48" — which we find by turning to the 
logarithmic tables of sines, tangents, &c., at the bottom of 
the page (because the angle is above 45°), and looking up the 
column of tangents, guiding ourselves by the minute figures 
on the right hand up to 7 — to be 10*124727. Besides which 


we have, on the left hand, the difference *438" given, this we 
require to multiply by the 48" and get for answer •21024, 
from which, on cutting off two decimal places, we have 210 
to add to the original logarithm, i. e. 

10*124727 -1-210 = 10*124937. ' 

These we are now prepared to arrange in working order:— 

(1) Log A C = iog B C = 2*209515 

-i-iogtanB= 10124937 = 

12 * 3344 ^ 

-log rad 10*000000= 

2*334462 = 
log 216 yds., length of side AG; 

(2) Log AB = logBC = 2*209515 

-j-log sec B = 10*221848 = 

12*431363 
-log rad 10*000000 

2*431363 = 
log 270 yds., length of side A B. 

Ans. Angle 36° 52' 12" 

Sides, A C 216 yds., and A B 270. 

These are the chief explanations required for the working 
out of trigonometrical questions by the use of logarithmic 
tables, so far as regards those concerned with right-angled 
triangles. The management of obtuse-angled triangles we 
shall deal with in our next chapter. 
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CHAPTER V. 

THE NORMAN MONAROHS — WILLIAM RTTFUS— HENRT 
BEAUOLEBK — STEPHEN OP BLOIS. 

William Rttpus was on his way to England while his father 
was dying. On his arrival he assembled the Norman 
barons, and told them his father had nominated liim successor ^ 
to the throne. Many of them liad large possessions in both 
countries, and were anxious that Normandy and England 
should be held by the same sovereign. Lanfranc espoused 
William's cause, and he was crowned 26th September, 1087. 
Robert’s claims were thus ignored; but a conspiracy in his 
favour, headed by Odo, bishop of Bayeux, Roger, earl of 
Shrewsbury, and others, was formed, They raised troops and 
threatened to depose William II. He, on his part, promised 
the Saxons good government and a relaxation of the severe 
rule under which they had Mtherto been held. By their aid 
Odo was driven from the kingdom, and subsequently died as 
a beggar in Palermo. A revolution was next attempted in 
Normandy to depose Robert and put Wiliam in possession 
of the sovereignty of Maine, Normandy, and England. 
William invaded his brother’s territories, gained many strong 
places, but was foled at Rouen. Through the intervention 
of the French king, Philip L, this quarrel was brought to a 
peaceable close, Robert agreeing to mortgage Normandy to 
Wiliam for 10, OCX) marks, with which money he resolved to 
betake himself to the miltary enterprise for the recovery of 
the Holy Land from the Saracens, then originated by Peter 
the Hermit, under the name of a crusade. 

Einion, son of the Lord of Dyved (Pembroke), who had 
served in the Norman army, sought the aid of Robert 
Fitzhamon and some other knights in favour of Jestyn, 
lord of Glamorgan, against Rhys ap Tudor, who was slain. 
The Normans afterwards drove Jestyn from Dynevor and 
established themselves in the Honour of Glamorgan. They 
built eighteen castles in it, and divided it into the fees of 
.thirty-six knights. They bestowed the interior on Einion. 
Thereafter Wiliam granted lands in Wales to such knights 
as chose to conquer any part of it. Brecknock was subdued 
by Bernard Newmarch; Henry Newburgh, earl of Warwick, 
made himself master of Gower; Montgomery (then called 
Baldwin’s Castle) was taken by Roger of Shrewsbury; aA^d 
Hugh, earl of Chester, ravaged the north-west coast and tc^k 
possession of Anglesea, 
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Edgar Atheiing, having been deprived of some estates in ! 
Normandy at William's suggestion, sought help for their 
recovery from Malcolm Canmore of Scotland. Malcolm laid 
claim to the counties of Cumberlaiid and Northumberland, 
and William denied his right to them. Malcolm invaded 
England, was opposed by Sir Roger de Mowbray, by w^hom he 
,aiid his son were decoyed into an ambush and slain. Queen 
Margaret, the mfe and mother, on heitring of their death, 
gave up the ghost. She had done much to benefit Scotland 
by her genius, piety, and general good sense. Donald Bain, 
Malcolm’s brother, was chosen king, and expelled the English 
and Normans from Scotland; but Duncan, an illegitimate 
son of Malcolm, on doing homage to William, gained his help 
and for a time acquired dominion in Scotland, though it did 
not prove of long duration. Donald Bain, in 1094, reasserted 
Ids right to the throne. Edgar Atheiing ultimately succeeded 
in establishing his nephew Edgar as sovereign of Scotland. 

William w^as of middle height, large-limbed, and very 
stout. His eyes were gray spotted, keen, and restless. His 
brow was high, bossed, and broad. His voice was boisterous, 
though when he was angry he stammered. His hair was of 
ruddy auburn hue, and his face red (on this account he was 
mined William Rufus or the Red). He was passionate and 
foul of speech. Though he was the kindliest of William’s 
soHvS, brave as a man and good as a master, he was fierce, 
tyrannical, and a promise-breaker. He was rich, proud, and 
powerful — really the greatest king in Europe. 

Lanfranc had died 24th May, 1089, and during four years 
WiUiam kept the see vacant. Then he appointed Anselm, 
a native of Aosta in Italy, who had taken the monastic 
habit at Bee in Normandy, under Lanfranc. Anselm stipu- 
lated that the possessions of the see should be restored. 
William after much hesitation assented, and the consecration 
took place 5th December, 1093. Anselm proposed to pro- 
ceed to Rome to receive the pallium^ or sacred mantle of 
investitoe, from the Pope. William resisted, Anselm per- 
sisted. Upon this they quarrelled, and as soon as the prelate 
left the country the king seized the archbishopric and annulled 
all Anselm’s administrative acts. The primate, who was a 
theologian, a scholar, and a philosopher of no mean reputa- 
tion, was received honourably by the Pope. 

The mortgage-money which William had advanced to 
Robert was to have been repaid in five years by the Normans. 
As it was not paid, William resolved on foreclosing the mort- 
gage, invaded and overran Maine and Normandy, so that 
while Robert was marching to besiege Jerusalem and drive 
from it the Saracenic foe, William was claiming military 
mastery over the Vexin territory, and grasping the rod of 
empire over Robert’s realm. 

William, like the Conqueror, was fond of hunting, and 
though the establishment of the New Forest, in the south- 
west of Hants, as a great hunting-ground was a highly un- 
popular act of William I., Rufus held it ruthlessly against all 
malcontents. On 1st August, 1100, the king was in Malwood 
Keep. Revelry was running rather riotously, and William 
Rufus was rejoicing in the season of sport on which he was ! 
about to enter. Evil dreams and omens of ill were quoted ! 
to him. He was dispirited at dinner, but strove to rouse his 
relaxing energy by large draughts of wine. His merriment 
rose to boisterousness, and, afternoon though it was, he would 
to the chase. Before setting out, he presented two of his best 
arrows to Walter Tyrrell, saying, “sharp shafts for the surest 
marksman.” When the driving of the deer began, Rufus and 
Tyrrell alighted. They were posted^ near each other in a ride 
' alone. The sun was setting. The king was shading his eyes 
from the glare of the level light. A great grizzled hart came 
bounding on. Rufus shot and missed. “Shoot, Tyrrell, 
shoot, in the devil’s name,” he cried. Tyrrell obeyed; his 
arrow grazed the quarry, but, glancing off its hide, it pierced 
the heart of the king under his yet upraised arm, and he fell. 
Tyrrell saw Rufus fall and fied. The body lay there till the 
day closed. It was then taken in a charcoal-burner’s cart, 
as if it had been the carcase of a boar, to Winchester, where 
by the soldiery and his boon companions it was committed, 
without ceremonial, to the ground. Henry, who had been 
riding near the place, so soon as he knew that his brother 
was reaUy dead, gallopped off at full speed, and with unslack- 


ened bridle, after a twenty miles’ ride, reached Winchester 
and rushed to the treasui-y. William de Breteuii, the treas- 
urer of Rufus, who, guessing his purpose, had ridden pace for 
pace, opposed his seizure of the wealth, claiming it as Robert’s. 
Henry, drawing his sword and threatening instant chastise- 
ment, succeeded in making himself master of the regalia and 
the royal moneys. The possession of these made his course 
easy. Henry was crowned king at Westminster on Sunday. 
5th August. Knowing his claim was weak, he conciliated all 
parties by fair promises, and so strengthened his position by a 
free use of the treasures of which he had so hurriedly acquired 
possession, that, before Robert could return from Palestine, 
the service of many willing Saxon swords had been won ovej- 
to his sovereignty. The ruthless, cruel, extortionate, and over- 
bearing rule of Wniiam II. made English and Norman alike 
welcome one to the throne whose weakness of claim made 
their help requisite and their allegiance valuable. 

Henry I., surnamed Beauclerk, the youngest son of the 
Norman invader, w^as born at Selby, in Yorksliire, 1 OSS- 
two years after the Conquest. He had led a life of strange 
vicissitudes, and had learned by experience to be politic, 
and how to manage men. He imprisoned Ralph Flambard, 
and thus conciliated at once the church and the taxpayers, 
entreated Ansiem to return to England, and married, as a 
representative of the old Saxon line, Edith, daughter of 
Malcolm and Margaret of Scotland — greatly to the delight of 
his English subjects, Edith on her man'iage took, in honour 
of Henry’s mother, the name of Matilda, and Henry granted 
a charter in which he undertook to lay no claim to unreason- 
able l^enevolences, wardships, or other oppressive feudal 
burdens. By these means the handsome, scholarly sovereign 
secured popularity, and wrought into national unity of feeling 
Saxon and Norman. When, therefore, his eldest brother 
Robert, returned crowniess from the Crusades, found Henry 
holding the sceptre which his father had won, he was in- 
clined to fight for his rights, and some of the Norman barons 
encouraged him in putting his claims to the test of battle. 
Robert did land in England, but Henry, aware of Robert’s 
careless indolence of character, politicly proposed to pay him 
an annuity of 3000 marks, on condition of relinquishing his 
: claims, and that upon the decease of either of them, the other 
should succeed to the dominions he held. After a stay of 
two months in England Robert returned to Normandy, 
having arranged with Henry that no harm should befall his 
Norman sympathizers now that they were friends again. 
Henry, however— resolved to punish Robert of Beiesme, the 
crafty Earl of Shrewsbury— led an army against him, defeated 
him, confiscated his estjates, and drove Mm and his followers 
into exile. Anselm also left England because Henry would 
not concede Ms demands regarding investiture and homage. 
Robert received these malcontents and so excited Ms brother’s 
anger. In a short time Henry contrived a cause of war, and 
entered Normandy with a hostile force. 

Robert had relapsed into self-indulgence, and left Ms duchy 
very much to the management of favourites, who practised 
many extortions upon the people. These, knowing Henry’s 
aim, sent an embassy requesting his aid for the repeal of 
their grievances. Henry’s ear was open at once to the peti- 
tioners. He proclaimed Ms design of becoming their protector, 
and transferred his large army to Mortaigne. Then, after 
an unsatisfactory conference held at Caen, the forces of the 
two brothers met at Tenchebrai, on 28th September, 1105, 
the anniversary of their father’s landing at Hastings forty 
years before. The field of fight was so thronged with phal- 
anxed forces that little or no real injury was done to the 
troops of either side. Boudri, one of the chaplains of Henry, 
took Duke Robert prisoner; Edgar Atheiing and many of the 
refugee nobles were captured. The conflict ceased, and Henry 
annexed Normandy again to England. Atheiing, as the 
queen’s uncle, was set free and treated rather as an object of 
pity than of fear; but the deposed Duke Robert was confined 
in Cardiff Castle, whence he only found escape at the age of 
eighty, through the narrow gateway of death, in 1135. 
William of Mortaigne died early in durance, and jiffs earldom 
was conferred on Henry’s nephew, Stephen of Blois. Anselm 
and Henry arranged tliat the staff and the ring should l>e 
presented to the bishops of the church, and that each new 
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bishop should do homage for his lands prior to consecration, 
and swear fealty thereafter. For a short time the land 
liad rest. 

But Louis, king of France, having espoused the cause of 
the young Duke (afterwards of Blunders) — Robert’s son 
William, by Sybilla of Conversona — was regarded by Henry 
as an enemy. Henry having strengthened himself by getting 
Matilda, daughter of Fulke, earl of Anjou, as wife to his son 
William, and Ms own daughter Matilda married to Henry 
7,, emperor of the West—averted the war which Louis 
threatened, when the prince had grown up, by the peace of 
Hisors, 1113. This peace was, however, soon broken, and 
open war began between France and Normandy, which was 
brought to a termination by the variously designated battle 
of Noyou, Brinneviile, or Brimule, on the main route between 
Rouen and Paris, at which Henry and Louis met, and the 
latter, being defeated, fled. 

Henry, whose wife Matilda had died at Westminster in 
1118, established his son William the Atheling as Duke of 
Normandy, and peace having been procured by the inter- 
vention of the Pope between Louis and Henry, the Atheling 
did homage to Louis for his Norman fief. On 25th November, 
1120, Henry and his son were prepared to re-embark at 
Barfleur for England. There a seaman, whose father had 
owned the sMp in which the Conqueror had sailed, asked the 
king to make use of his vessel — the White Ship, The king’s 
barque was already chosen, but Prince Wilham, wdio was 
rather wanton and boisterous, promised to go in the White 
Ship and carry in it the royal treasures. Henry set sail in 
the first watch, and arrived in England safe and well; but 
the prince, who had given the sailors largess, which they 
spent in wine, did not start till nightfall. The sea was calm, 
the wind fair, when the priests came to the water-edge to 
bless the vessel on its voyage. The seamen, overladen with 
liquor, hailed them with abuse and set off full of glee. No 
watch was set, the revelry went on, the mirth of the 
prince and his suite grew into uproar, and the helmsman got 
engrossed in the frolic of the carouse. The rowers, stimulated 
by wine, pulled vigorously. Already they had made five 
miles of sea-journey, when the ship struck, and staved in its 
starboard bow, on the reef of Catteville. Horror took hold of 
the revellers, A boat was lowered. The prince, with as many 
as the boat could hold, jumped in and rowed off clear from 
the wreck. Just then William learned that Ms sister, the 
Countess of Perche, was not in the boat with him, and insisted 
that they should row back and rescue her. The boat was 
swamped, the wreck sank ; three only were left alive. Thomas, 
the captain, threw himself into the sea in despair; a young 
nobleman, benumbed with the cold, was washed away; and a 
poor butcher, Berold of Rouen, alone of all that company, 
saved by some fishermen in the dawn of the next morning, 
survived to tell the tale. On hearing the news the king 
fainted; he never, it is said, smiled again, and never 
mentioned Ms son’s name. Much of the royal treasure was 
regained, hut few of the bodies were recovered. 

Henry married in 1121 Adelicia of Louvain, one of 
Charlemagne’s descendants. The king had now no legiti- 
mate heir, although he had many cMldren. By his second 
marriage there was no issue, and therefore the next heir-male 
and claimant was Robert’s son, William. He was handsome 
and young, and he had the pathos of a romantic life to excite i 
interest. Round this brave, courteous, pious, but unfortunate 
scion of the Conqueror’s race many Norman nobles rallied; 1 
but Henry, by a skilfully sudden attack, got most of them 
into Ms power in 1124, and William, accepting the duchy of 
Flanders, desisted, for the present, from pressing Ms claims. 
In Flanders he met with opposition to Ms rule, most 
probably prompted by his uncle, and while engaged in 
besieging the Earl of Alsace in Alost (1127) received a 
wound, from wMch, shortly after being removed to St. Omer, 
he died. Prior to Ms demise he wrote beseecMng Henry to 
take into favour Ms faithful followers; but though some 
submitted to Henry most of them joined the Crusaders. 

> Meanwhile, Matilda’s husband, Henry V., the last of the 
Franconian emperors of Germany, died at Utrecht, 22nd May, 
1126, and, she returned to her father’s house. Henry 
again atranfed a politic marriage for her, securing toker for 


a husband Geoffrey Plantagenet, earl of Anjou, who was, 
though unpopular, powerful Having on Christmas (1126), 
at Windsor, convened an assembly of nobles, among whom 
were Stephen, through Adela, the grandson of the Conqueror, 
David, king of Scotland, Matilda’s uncle, and Robert of 
Gloucester, the king’s illegitimate son, Henry enforced their 
taking an oath that, faffing any legitimate male issue of liis 
own, the ex-empress should be heir to the throne and be 
supported by them as queen. At Whitsuntide (1127), when 
her marriage was solemnized at Rouen, he claimed a renewal 
of tMs oath, and when, in 1133, Matilda bore a son, the glad 
king rejoiced that the succession was settled. The death of 
Prince William in 1127 had calmed all fear. 

Henry had subdued the greater part of South Wales, and 
colonized a large part of it with Flemings. North Wales was 
still stubbornly unsubmissive. He had planned an expedition 
against them for the spring-time, and gone over (25tli 
November, 1135) to the Castle of Lions, a few miles from 
Rouen, for some relaxation in his favourite hunting-grounds 
there. He gave orders for the chase next day. On the 
morrow he was ill, and having feasted that day on a dish of 
lamprey-pie, of which he was inordinately fond, Ms sickness 
developed into a fever, to which, in the space of four days, he 
succumbed, in the thirty-sixth year of his reign and sixty- 
seventh of his age. His rapidly decaying body was sewn up 
in a bull’s hide, carried to Rouen, and tlience to St. Stephen’s 
Minster at Caen, whence, after being retained for some time, 
it was removed to England and buried in Reading Abbey, 
Berks, which had been founded by Mm ten years previously. 

Henry L died 1st December, 1135. He was as yet 
unburied when Stephen of Blois, count of Boulogne, who 
commanded the shortest sea-route to England, hastened to 
Dover and announced himself to the men of Kent as 
.claimant of the crown. They did not receive him gladly. His 
coming was likely to cause trouble amidst the complication 
which beset the succession. Undauntedly he pressed on to 
London. There Stephen found more sympathy and less 
sullenness, though there was little display of zeal To Win- 
chester he Med and secured the regal crown and the royal 
treasure— his shrewd and politic brother, Bishop Henry, 
using his great influence to gain favour for him in preference 
to Ms cousin. Matilda was foreign-born, and both as 
empress of Henry T. of Germany, and countess of Geoffrey 
of Anjou, had acquired foreign interests and habits; besides 
she was a woman, and as England’s queen might favour too 
much the politic schemes of her husband, the lord of the 
Angevins, who had been long at war with the Normans. 
Robert, earl of Gloucester, was of illegitimate descent, and 
though very powerful was misliked Adela’s eldest son, 
Theobald of Champagne, though held in favour by the 
Normans, had little influence in England, and was unwilling 
or afraid to dispute his brother’s title to the throne. So 
Stephen’s hurried dash secured success, and at Winchester, 
on the day dedicated to the protomartyr St. Stephen (26th 
December), the first baron of Normandy became King of 
England, and based his right thereafter on his being the 
elect of the people, among whom, during his stay at his 
uncle’s court, he had acquired great popularity. 

Stephen was noble in bearing, gracious in manner, urbane 
and humane. He was adjudged by the Witan to be the 
most likely to fulfil the functions of sovereignty and to bring 
to an end the difficulties and dangers which troubled the 
kingdom. The king and people alike treated with thorough 
disregard the solemn oafhs they had undertaken to acknow- 
, ledge Matilda as their queen, and recognize the succession as 
' vested in her children; and before the body of Henry I. had 
! been removed from his deathbed, in the Castle of Lions, to 
its Berkshire burial-place, Stephen had issued a sovereign 
proclamation promising to the Clergy relief from exactions 
and freedom of election, to the Barons forest law reforms, 
and to the Commons exemption from the Danegeld. 

David, king of Scots, kept faith with the ex-empress, 
and declaring in her favour invaded England in February, 
1136; but Stephen having met him in Durham, a truce 
between them was signed, in wMch David surrendered New- 
castle, and Stephen, consenting to David’s retaining Carlisle, 
inferred on his son Henry the earldom of Huntingdon. 
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On some slight cause of offence Baldwin de Redvers, earl of 
Devonshire, told Stephen he was not king of right, and he 
would no longer obey him.” Stephen, aided by mercenaries 
brought over from Flanders, marched against him and Hugh 
Bigod, lord of hTorwich, who had taken Redvers’ part. The 
king took Norwich and Exeter, but spared his foes. While he 
was engaged in this civil broil, the Welsh broke their oath of 
allegiance and plundered the rich lands of England. This 
revolt Stephen subdued, and spent the next year mainly in 
securing' liis power in Normandy, which was threatened ■ by 
Geoffrey and Matilda. By lavish expenditure . he acquired 
many alliances in Prance. About Christmas, 1137, rumours 
of war reached Stephen from Scotland, and . whispers of 
rebellion deepened into threatenings. He crushed the latter 
rapidly, taking castle after castle with hot aggressive energy. 
While Stephen was thus engaged in the south, David made 
repeated incursions into the north. Having agreed with 
Matilda and Gloucester, who had instigated the barons’ in- 
surrection, David crossed the Tweed in March, 1138, and 
overran the country to the Tees. Stephen, unable himself 
to head liostilities, intrusted the defence of the north to 
Thurstan, archbishop of York, who organized an army in 
haste, and, as he was himself aged and infirm, placed it 
under the cliarge of Ranulf, bishop of Durham. The lay 
nobles of the north led each his own men, and the troops 
pitched their tents on Cowton Moor, half-way between Durham 
and York, and near Northallerton. They had with them the 
banners of St. Cuthbert of Durham, St. Peter of York, St. 
John of Beverley, and St. Wilfrid of Ripon. These they 
set on a car in the midst of the field, and grouped around 
it the levies of the northern shires, the bravest men of 
York, and the yeomen, foresters, and peasantry of Notting- 
ham and Lincoln, tianked by mail-clad Norman nobles. 
David’s forces, preceded by a lance wreathed round with 
sprigs of heather for a standard, marched manfully to battle. 
Prince Henry commanded the lowlanders of . the Scottish and 
the troopers of the English borders; the Isiesmen and the 
Highland clans came next, and under the king a strong 
body of knights, along with the men of Moray, brought up 
the rear. A dense fog hid their advance; but when their 
steady tramp betokened their approach, the Bishop of Dur- 
ham invoked heaven’s aid, and urged Normen and Englishmen 
to fight hardily. The clansmen, shouting “Albion ! Albion!” 
burst in among the foe and broke their ranks as if they had 
been spiders’ w^ebs. The Normans rallied round the standard, 
and wliile the Scots were intent on cutting down the mailed 
men, the English bowmen hemmed them in and poured 
upon them a shower of yard-long arrows. The prince had 
almost reached the standards; but his followers turned upon 
their aggressors, and in doing so got confused, hesitated, 
and then fell into disorder. The king interposed. He 
cliecked the Normans, and covered the retreat of his own 
scattered men. On that fatal day, 22nd August, 1138, 
12,000 Scots were left upon the field. The English, though 
they saved their standards, could not follow up their advan- i 
tage. Three days tiiereafter David rallied his army at 
Carlisle, and proceeding to Wark Castle besieged it. It 
succumbed to famine. On the intercession of Stephen’s 
wife Maud, and Alberic the papal legate, David, at Durham, 
agreed to a treaty of peace. 

Stephen might now have made his throne stable by states- 
manship, but his exchequer was exhausted, and he debased 
the coinage; his great earls had rebelled, and he granted 
earldoms to new men; his soldiery had fared hard, and he 
recruited his army with mercenaries ; the clergy were wealthy 
and faithful, but he alienated them. Roger of Salisbury, 
who had been the justiciar and treasurer of Henry I., and had 
aided Stephen to seize the sceptre, though old, was influential 
by wealth, talent, family, and adherents. He had a genius 
for rearing splendid edifices, and rebuilt the Sarum Cathedral 
with almost matchless magnificence. He was a castle- 
builder, and both he and his nephews had fortified their 
stately mansions and surrounded themselves with military 
power and pomp. It was suggested to Stephen that these 
strongholds were preparations for maintaining Matilda’s 
cause. Excited by suspicions the sovereign took advantage 
nf the occurrence of a brawl at Oxford, between the retainers 


of the Earl of Brittany and the suite of Salisbury, to seize 
the bishop while at court, and Ms nephew, Alexander, bishop 
of Lincoln, in his town lodging. Nigel, bishop of Ely, 
another nephew, escaped to Devizes. The king besieged him 
there and ordered Ms uncle and cousin, who had been 
incarcerated in separate dungeons, to be kept without food 
till the Castle of Devizes and the other fortified places of the 
family were given up. After three days’ resistance Ely 
surrendered. But this roused the clergy, and even his 
brother Henry, now the Pope’s legate, could not brook this 
sacrilegious handling of the prelacy. He summoned the 
sovereign to appear before a synod at Winchester. Stephen 
appeared by proxy, Alberic de Yere pleading for him, and 
when he found the bishops sternly bent on humiliating the 
king, the knights who accompanied Mm being ordered by 
him to unsheathe their swords, the council was dissolved 
(29th August, 1139). Within “one little month” the 
Empress Matilda and Robert of Gloucester were in England, 
and a civil war began, wMch lasted fourteen years. , Anarchy 
prevailed. Church and state confronted each other. Matilda 
held the West, Stephen the East, and the barons engaged in 
internecine wrong-doings. In 1141 Stephen invested Lin- 
coln, where Robert of Gloucester and Ranulf, earl of Chester, 
were blockaded by him. On Candlemas, in the battle of 
Lincoln, the king, after valiant efforts, was defeated, taken 
prisoner by Gloucester, and sent to Matilda, by whose orders 
he was cast, chain-laden, into a dungeon in Bristol Castle. 
At Easter, in a council held at Winchester, the Empress 
Matilda was chosen as “ Lady of the English ” — though 
being already anointed to sovereignty she was not crowned. 
Before midsummer Matilda was accepted by all — clergy and 
laity — as their monarch. 

The queen, Maud, raised a large army in Kent in favour 
of her husband, and promptly took the field with them 
against Matilda the empress. David brought a force from 
Scotland, and Gloucester led the contingents of the west. 
The queen attacked these as they were striving to secure 
Matilda’s safe progress to Devizes, and on 14th September 
captured the Earl of Gloucester and had him conveyed to 
Rochester. During six weeks negotiations for an exchange 
of prisoners were carried on, and on Hallowmas the prisoners 
were set free — Stephen the king, and Robert the earl The 
struggle continued. Stephen, having escaped from the 
shacides that bound him in Bristol, re-assumed the sceptre, 
and Henry of Winchester, tired of Matilda’s self-will, ceased 
to support the ex-empress, and commanded, on the part of 
God and the pope, that Stephen — the king by the will of the 
people and the approval of the supreme pontift' — should be 
assisted in all that peitained to Ms sovereign right. 

Matilda liad thrown herself into the impregnable Castle of 
Oxford, 1142. Stephen blockaded her. After enduring a 
three months’ siege famine became imminent, but the re- 
sourceful Matilda, accompanied by four knights, aH like 
herself clad in white, were let down by ropes in the snow, 
crossed the frozen Thames, reached Wallingford, and was 
received by her friends in safety. Then Gloucester engaged 
in the contest more vigorously and defeated Stephen, who 
with Ms brother, the warrior -bishop, fled before him at 
Wilton. TurmoO prevailed everywhere. The opposing 
parties fell into fray whenever the slightest chance occurred, 
and powerful barons made war on one another, like free- 
booters. After inhuman hostilities and many adventures, 
the haughty Matilda left England, and Robert of Gloucester 
dying in 1146, there was no further likelihood of success for 
the empress’s party. Stephen was too weak, however,' to 
subdue his insubordinate nobility, and a new conflict with 
the church took place. 

On the demise of pope Lucius II., Henry of Winchester liad 
been superseded as legate by Theobald of Canterbury, who was 
the ally of Bigod, lord of Norwich. Theobald excommuni- 
cated Stephen, and though by submission the king became 
reconciled to the church, the legate refused to recognize 
Eustace of Boulogne, the king’s only son, as Ms successor in 
the sovereignty — because the holy see regarded Mm as a 
usurper. 

Prince Henry of Normandy — who had spent Ms youth in 
the court of Scotland, been trained under Ms uncle, David 
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L, and was knighted by him in the city of Carlisle, 1149 — 
liad by the death of his father become possessed of the Duchy 
of Anjou, and publicly proclaimed himself in succession to his 
grandfather Duke of Normandy and Maine. He also, by 
Ms marriage with Eleanor, the divorced wife of Louis ?II., 
the only daughter and heiress of the Duke of Aquitaine 
(Gascony), greatly enhanced his territorial power. Then 
thinking that he might win, were luck favourable, all that his 
mother Matilda could claim— if not more — Henry landed in 
England in 1152, with the design of ejecting Stephen from 
the seat of sovereignty. Stephen raised an army of resist- 
ance, and the two kings approached each other in hostile 
array near Wallingford. A pitched battle seemed inevitable; 
but owing to the death (10th August, 1153), of Eustace, 
Stephen’s son, against whom he had often defended himself in 
war, Henry concluded a treaty in whicli it was covenanted that 
Stephen should wear the crown during his lifetime and Henry 
should be his successor. He, as justiciar, remained in Eng- 
land for some time to see that the courts, the old laws, and 
the coinage of former days were restored, all unlicensed 
castles destroyed, evil-doers punished, hired soldiery sent off 
the soil of England, and peace renewed. During this period 
Stephen and Henry lived in amity, and parting with pro- 
fessions of the most sincere respect, Prince Henry returned 
to his continental possessions. 

Stephen did not long survive the pacification or enjoy the 
tranquillity of the kingdom. He died at Dover, 24th October, 
1154, aged fifty, after a (nominal) reign of rather more than 
eighteen years. He was buried in the Abbey of Peversham, 
which he had built and endowed, and where he had laid his 
wife Maud three years previously, and his rash and pas- 
sionate son Eustace scarcely a year before. Tall, liandsome, 
gracious, he was personally popular, though rather unfitted 
for rule. His surviving son William was by treaty secured 
in all the possessions, English and foreign, of which his father 
stood seised prior to his acquisition of the English throne. 
He died without issue in 1160. 


THE GREEK LANGUAGE.— CHAPTER V. 

GREEK VERBS — THE FORMATION OF TENSES — CONJUGATION — 
TABLES OF PRINCIPAL PARTS — EXERCISES. 

In the Greek language the verb differs considerably in nature 
and form from its representative in most modem tongues. 
One single word in Greek may include in itself the whole 
three elements — subject, copula, and predicate — of a logical 
proposition ; as, I | am | awake. Tliis arises 

from the verb being, in reality, a compound word, consisting 
(1) of an elemental stem, in which the essential idea it conveys 
is contained, and (2) of differential inflexions, which affect and 
modify the original simple meaning of the stem. The stem, 
in wMch the idea of the verb is actually embodied, is usually 
short and readily expressed. The modifying prefixes and 
suffixes wMch, after satisfying the laws of euphony, give 
origin to the secondary and other subordinate forms incSca- 
tive of specific relations between the main idea and other 
elements of thought, of course coalesced with and became 
integral parts of the verb, and imparted an idiomatic significa- 
tion to those interweavings of stem and inflexion. The verb 
as a complex phraseological term — consisting of a stem and 
the appendages wMch modify it — is a part of speech requir- 
ing thoughtful study ; and the necessity for this careful exer- 
cise of thought is increased (1) because of the number of 
relations— of number and person, tense and mood — which 
liave been incorporated with and made parts of the predica- 
tive element in speech ; and (2) because, as Dr. A. N. Carmichael 
has put it, it is impossible to produce from the widest survey 
of Hellenic literature, as it has descended to us, an instance 
of a verb exhibiting in its present usage the entire tenses of 
a complete conjugation.” It is therefore only “ by an adap- 
tation of parts proceeding from one variously modified stem, 
or from different roots of similar or cognate signification, that 
a form or paradigm has in many cases been evolved in such 
a way as to give this interesting element of speech ail the 
reality of a perfect system.” 

A.S regards persons and numbers, the Greek verb not only 


accepts the necessary threefold relation of a person or persons 
(1) speaking, (2) addressed, or (3) spoken about, but it also 
recognizes the marvellous duality of things in the universe, 
and makes provision for referring to the frequency with which 
two (as a pair) act together. An act performed by two is 
felt by the Greeks to be not common though several” They 
adopt, therefore, not only the first persons singular and plural, 
but they employ also the second and third persons in the 
threefold forms of singular, dual, and plural This consti- 
tutes a specific difference between Greek and the Latin form 
of languages. 

The tense-system of the Greek — i.e, its method of express- 
ing the relations of time — is far more comprehensive than those 
of the Romance and other modern languages owing tlieir 
origin to the Latin. In the preciseness of its indication of 
time, the Greek verb possesses a singular superiority over all 
others. It not only connotes present time by its peculiar 
and express present tense, but it also marks out co7itipMation 
of past time up to the present time by a reduplication of the 
root and the addition of an affix, and 'posteriority of past 
time by prefixing £ and adding a suffix, and also points out the 
actual distance and separation of past time from the present 
by a specific prefix. It denotes the future in two forms — a 
strong and a weak — by addhig a special element (perhaps 
a remnant and remainder of the preposition cvy, indicative of 
conjunction) to the verb. The Greek verb not only, therefore, 
indicates in a most definite manner (1) the simultaneity, i.e. 
immediate presentness, (2) anteriority, i,e. the pastiiess, and 
(3) the posteriority or subsequentness of speaking and acting, 
but also the double though indefinite relation of speech 
to past action, (1) to the past generally or indeterminately, 
and (2) to some fixed point in the past. The fact of the 
action spoken about having taken place prior to the time of 
speaking, is by the Greeks most accurately marked oft* into 
past simultaneity in the imperfect, posteriority in the aorist, 
and anteriority in the pluperfect. There are completeness 
and precision in the Greek tenses, in regard to specific varieties 
of time and action, to which modern conjugations supply no 
parallel, and there is a corresponding difficulty in acquiring 
a full and ready knowledge of the tense-forms, because we 
require to be educated into the accurate perception of the 
distinctness of the divisions in time, as well as in regard to 
the forms by which these are indicated. The completeness 
with which the Greeks exhaust all the possibilities of reality, 
may be perceived when we consider that an action taking 
place in present, past, or future time, may be regarded as 
having a threefold mode of performance, and that, philoso- 
phically, there might be nine possible tenses, of which they 
used seven in the active voice, viz. : — 



1. Momentary, 

2. Continuous. 

3. Complete. 

I. Present, | 

I wnte. 

I ann writing. 

ySy^x0m, 

/ have {no w) 
written. 

II. Past, 1 

1 wrote. 

iyoa0oif, 

I was m'iting. 

I had written. 

HI. Future, | 

I shall write. 

(Not used). 

/ shall he 
writing. 

(Not used). 

/ shall have 
written. 


The chief tenses of the Greek verb are — (1) the present 
active, (2) the future active, (3) the first perfect, (4) the per- 
fect passive, as well as (5) the first aorist passive, and (6) the 
first future passive. 

These have been, by grammarians, classed as the leading 
tenses, because they saw in them a series of progressive inter- 
mediate derivatives proceeding according to certain formative 
laws which they have laid down, both laboriously and rigor- 
ously, from one common root, in definite lines and modes of 
descent. Some scholars maintain that this scheme of 
derivative conjugation is founded on a false and insufficient 
analogy, results from an imperfect knowledge of the science of 
language as developed in the new philology, and that it is, 
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though generally recognized and practically convenient, not 
capable of pliilosopliic defence on the principles of a sound 
etymology. It does, however, so far agree with the results of 
the most advanced philological research, that it affords a 
simple, easily understood, and well-arranged paradigm of 
verbal forms, suitable for committing to memory and forming 
a concise mnemonic of the order and nature of the species of 
predication expressible by the verb. 

The essential tenses of the verb are six — three priTnary 
and three historic. The primary tenses are (1) present, (2) 
future, (Z) perfect ; as, I loose, I am loosing ; Xy(r6), I 
shall or will loose . I have loosed. These each express 

a simple relation of the action denoted by the verb to one 
or other of the three indispensable modes of regarding time. 
They enable us to state, at once, to which particular portion 
of time we refer, and to point out a time fixed as contem- 
poraneous with the act of speaking, a time previous, and a 
time subsequent thereto, and we can recognize these three 
immediately. They are definite and distinct, indicating a 
clear and intelligible idea of the time implied. 

The secondary or historic tenses are also three — (1) im- 
perfect, (2) aorist, (3) pluperfect ; as, «avo>, I was loosing, or I 
loosed ; I loosed ; I had loosed. They are 

historic because they indicate a relation to some time pre- 
vious to the immediate past, which the present tends every 
moment to become ; and secondary ^ because each of them is 
regarded as being formed from a corresponding primary tense. 
This relation is a twofold one — (1) to the past generally, 
and (2) to some fixed point in that past. In this way we see 
that, by their tenses, the Greeks, while they denote the time, 
also connote the quality of an action ; that is to say, they 
endeavour to indicate whether the action is (1) simple, or. 
habitual and repeated ; (2) begun and attempted only, or 
fijiished ; and (3) of temporary only or of permanent interest. 
Besides these primary and more important tenses, each of 
the leading tenses has a corresponding second^ which takes 
the same stem, and has a certain connection in meaning. 

Many Greek verbs have a second aorist active and passive, 
and a second perfect ; as, Afil7r<w, I leave, which from the verb- 
stem A/x takes the second aorist active, lA^-roy, I left, the 
second aorist passive, I was left, and the second 

perfect, AlAo/Taft, I have left. There are also in the passive 
or middle voice a second future ; as, I shall be 

bruised ; a third future, or future perfect ; as, AgAwo^ct^, I 
shall have been loosed, or I shall have loosed for myself; and 
a second aorist middle ; as, I obeyed, from 

There are nine tenses, therefore, represented in the usual 
paradigms of Greek verbs — (1) present, (2) imperfect, (3) 
perfect, (4) pluperfect, (5) first aorist, (6) second aorist, (7) 
first future, (8) second future, and (9) paulo-post future. The 
last of these is, however, peculiar to the passive voice. 

There is a special termination appropriated to each person 
in each tense. Thus we have several elements all requiring 
to be concisely indicated in one verbal form ; e.g, in Av-<r-<a»-|66si» 
(which is the first aorist subjunctive), Ai/ is the stem^ tr the 
teme characteristic, m the Tnodal vowel, and fAsv the person 
ending. A careful and observant study of these will be of 
much service in simplifying the acquisition of a full and accu- 
rate knowledge of the Greek verb. 

Each lea<ffng tense and its corresponding second have 
a stem peculiar to themselves. The letter pointing out I 
the tense, and ending this secondary stem, is called the ' 

tense characteristic ^ as, <r is the tense characteristic of 
the future, "hv-e-ca, and of the first aorist, I-Aw-o--#, and » (or ' 
in some verbs &) of the perfect and pluperfect. While At; 
is the stem proper of the whole verb, Ai/o- is the secondary stem 
of the future and the first aorist, and A£Ai/» of the perfect. 

Tense forms are etymologically of two kinds — (1) strong, 
and (2) weak. The former affix to the verb-stem a syllable 
beginning with a vowel, the latter add one with a consonant ; 
as, T£-TV'?r[«6] ; rv-ipa, rvT[(ra»] ; srvpn, lTt»7r[o-ot]. 

The various tense forms are inflected from either (1) the pre- 
sent stem or (2) the verb-stem. (1) Those formed from the 
present stem are the present and imperfect— active, passive, 
and middle. (2) Those formed from the verb-stem and of 
weak form are, (a) the second perfect, pluperfect, and aorist 
active; (b) the second aorist middle; and (c) the second aorist 


and second future passive. (3) Those formed from the verb 
stem and of strong form are ig) first future active and middle, 
(h) first perfect and pluperfect active, (c) first aorist active 
and middle, {d) perfect and pluperfect passive, (e) third future 
passive, and (/) first aorist and future passive. 

I. Prom present stem 'kurcd we have l/Ag/wof^, ‘ksivogui, 
thunrofCYiv. 

II. From verb-stem A/t — (I nfinitive A/crg^g) — we have, with 

vowel affixes, ‘hSAotTra., thiwQv, khivrognv, s’hs'pryii/, 

III. From verb-stem we have, with consonantal affixes. 

Agi'a^6>, ‘Kii^pc^oti, AgAg/(po&, lAfAg/(p£/», gAg/xi/cc^>7P, 

TiiXsigueii, AgAgii/^o^csq 

It is to be noted that the foregoing scheme of the 
derivative formation of one tense, as it were, from another is 
rather a convenient arrangement or grouping of tenses 
having like characteristics, as an aid to memory, than a state- 
ment of the necessary forms of growth taken by tlie verb in 
its progress from the expression of the simple to those of 
the compound relations of activity and life. All the tenses 
— except the present and imperfect — may, in fact, be formed 
by adding certain well-defined tense-endings to the verb-stem, 
if the laws of euphony (in regard to wMch the Greeks were 
especially particular) are duly observed in the processes of 
affixing them ; and by prefixing, where necessary, the aug- 
ments and reduplications which certain tenses require. 

In order that we may be able to conjugate a Greek verb 
properly we require to know (1) the verb-stem, and (2) the 
present stem. In some cases these are both alike, as in 
the syllable in brackets in the following — ^[A£y]-&», I say ; 
[Ay]-4t), I loose ; in others, a euphonic process of strengthen- 
ing has taken place in the present stem, as in I rub, 

and [Ag/x]-6), I leave, of which the verb-stems are and 
A/x. The stem is that portion of the verb to wliich, when 
pure (i.e. unaltered or in its simplest form), the flexional 
changes are added. The pure stem usually consists of (1) a 
consonant and a simple vowel, as in I lead ; 

I honour ; ^s[gi!e](p», I dipped, &c. ; (2) two or more conson- 
ants with a vowel between them, as in \_gkvybi, I remain ; 
[T^s(p]-ei>, I nourish ; and (3) one or more than one consonant, 
and a diphthong, as in I cause to cease ; I 

kindle ; [xAa<]-<y, I bewail The final letter of a pure stem 
is called its characteristic ; as, [tv^] in in which ?r is 

the stem characteristic, and r is the tense characteristic. 
Stems which may take different vowels are called variants; 
as, Tslr^otpya. The present stem is- 

often altered from the pure verb-stem (1) by lengthening the 
vowel, as in [»A/*]-iy, I bend, from stem «A/;»; [<pgt5y]-£y, I flee, 
from 0vy. The most usual forms of lengthening are a into 
n or 6Ci, e into £/, i into g/ or u into gv or u. (2) By strong- 
ening the characteristic of the stem by adding (i.) t, (ii.) q. 
j which is usually coalescent, occasionally transposed, or (iii.) 
changing or doubling the consonant, as in [Twwrj-iM, 
from a pure stem, 0^^, I strike; [/3 «aa]-«, I throw ; 
from a pure stem (3) By inserting (i) a consonant or 

(il) a syllable, as in I subdue ; Box[g]-®, I think ; 

I find ; 7^iz[g]-l5[»v]-u, I take. (4) By prefixing 
a reduplicative form (i.) simply, (ii.) euphonized ; as, [fAi]gv~(a, 

I remain ; \ri\hgi, I place ; I cause to stand, set up. 

The scholastic Greek grammarians used to present the verb- 
to the students in thirteen different conjugations- — (1) six 
barytone, (2) three circumflex, and (3) four ending in 
The first received their designation from their taMng the 
grave accent on their last syllables ; the second from their 
being contracted verbs in «&>, icj, and m — the contraction 
being indicated by the circumflex; and the third being the 
old form, few in number, and having few tenses. But — as 
Dr. J. W. Donaldson suggests — for the practical convenience 
of the learner, the best arrangement of the Greek conjuga- 
tions is tliat which recognizes two classes of verbs — viz. A, 
primary verbs in gi, and B, secondary verbs in a, which cia^ 
is to be subdivided according to the root or characteristic 
letters into (1) consonantal or semi-consonantal verbs, and 
(2) vowel verbs which admit of contraction. We shall, how- 
ever, follow the ordinary practice of modem grammaiians by 
treating in the first place of verbs m », and thereafter of 
verbs in 

Of verbs in the consonantal or semi-consonantal verba 
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may be arranged in six subclasses : in four according to the 
characteristics of the stem ; and the vowel verbs in au in two— 
viz. consonantal stems ending in (1) labials ; as, rfflBm, 

; (2) gutturals ; as, rUrc^^ 

rtkaaji ; (3) dentals ; as, ; and (4) 

liquids; as, d'/ykhAoj, re^un/] and those 

having vowel steins, (1) imcontraeted, asAy&»; (2) contracted, 
as ri^ko)^ 0fASii^ oov7k6i»}. 

The following tabular view of the six subclasses of verbs in £y, 
',vith the characteristics of their principal tenses, and examples 
of the formation of their chief parts will help to make the tense , 
formations, to some extent, simple and readily understood. | 
The principal parts of a Greek verb, arranged according to 
voice and tense, are : — in the active, (1) present, \vca ; (2) 
future, Xyo-6J ; (3) perfect, ; and in the passive, (4) 

future, ; (5) perfect, Tvkhv^iAu Examples of these 

in all the several classes are given in order below. Analogy 
in conjugation, howmver, is so often founded on insufficient 
materials, or pursued in such false methods, and dialectic 
peculiarities so often occur, that it is impossible to indicate 
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every irregularity. Besides, many verbs are defective.' Hence.; 
in the table, tenses which are never found are omitted, and 
those which seem doubtful are put in parentheses. 

Glass I, of which the characteristic letters are x, B, 
the future ends in and the perfect in 0a, ^ 

' Glass II., of which the characteristic, letters are x,. -/, ^ at, 
and ( 3 -ff ; the future ends in and the perfect in 

Glass III., of which the characteristic letters are r, I, ij 
and ^ ; the future ends in vw, and the perfect in za , ' Many 
of the verbs wdiich have ^ for their characteristic, have their 
, future ending ill and their perfect in 
I Glass IT., of which the characteristic letters, are A, 
fiv; the future ends in and the perfect in za. 

Glass T., of which ' the characteristic is that the vowels' i, 
or Vj or the diphthongs av, aq sv, precede &> ; the future .ends 
in 0 - 6 ), and the perfect in ;!i<se. 

Class VL, of which the characteristic is the vowels », s, 
and 0 occurring in two conditions — viz. (1) forming the future 
and the perfect with a long vowel before a^a andx<»; and (,2) 
having a short vowel before (tm. 


Ciuiraeteristic. 

Present. 

Stem. 

Future Active. 

Perfect Active. 

Future Passive, 

Perfect. Passive, i 

r 

i 

1 


I delight 



T£T£g(piia 


' 1 

Class L, having] 



I rub 



r£T»/B'ce' 



Labial Stems. 1 



I write 

y(ia0 

y^05%^a. 

ysy^aat a 

— 

yiy^ap^m 

1 

Trr 

TVTrT&i^ 

I beat 

TVT 

— 

— 



' ' ' 7 

K 

T?,Szaj, 

I weave 

ttMx 

wAg|i&< 

xsxkBxa 


xsxk«y^»i 

Class II., hav- 

y 

Tisyn), 

I say 

"ksy 

Ag:„<4; 

(ks?,$xac) 

ksx^mof^e^i 

ksk&yfim ' 

ing Guttural 4 

X 


I water 



— 

— 


i Stems. 

KT 

r/»r<y, 

I beget 

TiZ 


TSTQza 


TSTSyf&c&i . • 

l 

m 

Tua-m, 

I order 

ray 


Tsraxoi 

raxByicfOfisii 

rn'ayf&m : 

Glass III., hav- j 
ing Dental i 
Stems, 1 

Y 

c 

difvra^ 

I finish 

I prop 

I persuade 

I tell 

dvvT 

s^so 

?r*A 

dpvaof 

^pvzat 

XiXiiZa 

Xi0^»znt 


^PVfffAm, 

XiXSiGfAat 


^ A 

a^yysAAfy, 

I announce 

dyysk 

dyyikct^ 

^yyikza 

dyyik^mof&ai 

iyyfk^mi 

Class IT,, hav- 



I divide 

PSfA 

PS/ZO' 1 

U!:P£fZYlZ&t 

P£iUr,0i.o'Of<>(X> 

HPB^Ylf&ai 

ing Liquid - 

V 


I judge 

z^iv 

z^(pc» 

z&z^iza 


Ksz^if,&m 

Stems. 

' f 

a’Tru^dij 

I sow 

<r'7rgf 

axsffO' 

scr~reiozct) 

{ffxa.f4.',av(xc&i) 




rifAvoi, 

I cut 

TifZ 


TBT/Zmct 


T^TpCt-fifAm 

r . 

Tieuj 

I honour 

Tt 

naup 

— , — 

— 

rsTifcai 

I Glass T., having 
uncontracted- 
Towel Stems. 

V 

Av/w, 

I loose 

At» 

kvaco 

7\.SkVZix 

kv&m(zat 

kikvfxa: 

06t' 

■ ii 

TtfCVfi), 

xA£/£M, 

I stop 

I shut 

Xav 

Zkit 

xavvo> 

zkii(r&> 

XBXCCVZCt 

zBzksizee. 

XCtvB-riGOfAUi 

zkUGByjG-.^»i 

ZiySkiL^&Lt 

SV 

»e?i£V6ty 

I command 

xskev 

Z'ik'iVOOo 

zexSAsvza 

{zgk&VGBY}ffOlU>»i) 

ZiZ£k%VGf^(Zi 


^ ov 

Aovw, 

I bathe 

Aow 

kovao) 

— 

— 

kikoVfAez. 


» 


I honour 



TZTi/Z7!Z» 

Tlf^YlSi'GQfZat 

r £r /(«*«<* j-vi 

Class TL, hav- 

s 

Cp/Afi&», 

I love 

ip/Afi 

0ikyiqiu 

X£0ikY\Za 

0tkYiBy,Goizoe.i 

XB^lkTifZUi i 

ing contract- 

0 

SjjAow, 

I show 

iyjko 


OihvikMza 

OYikc^dyiGOfi^cci 

— 

ed Towel 

a 

ygA«ta>, 

I laugh 

yskcc 

yskaaeo 

— 

yikaaBmofxcei 

y£yg> txaf^c&f 

Stems. 

£ 


I satisfy 

Z0§£ 

zoftidin 

— 

zQf)&(r$Yiaofi»{ 

ZiZO^itJfzat 


1 0 

I plough 

d^o 

d(touu 

— — — . 


ei^yiPQIx,Mi 
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heels together, throwing the forefoot backward, and stretch 
out the legs in line with tlie body in a position to resume 
stroke 1, &c. After these can be repeated easily by number 
and in order, perform both members of each series simultan- 
eously witli legs and arms, until the exercise has transformed 
the directions into habits, and a good distance can be over- 
taken with ease and speed, yet without fatigue. 

Floating and swimming on the breast are the most essential 
means of motion in the water. But, as in almost everything 
else, necessity and luxury have led to the adoption of several 
modes of progression. When fatigue overmasters one while 
swimming in the usual fashion, it is often convenient to give 
the muscles rest by floating or swimming on the back. This 
may be done, according to choice or need, either with head or 
feet foremost. In the latter -case, (1) the head is thrown 
back as far as possible, making sure that the swimmer keeps 
the water from his mouth ; (2) the hands are pressed clowm- 
wards and backwards with tlie palms scooped ; by these 
means the feet will rise to the surface, and then (3) the hands 
are used by a quarter circle movement for propelling the 
body by continuous strokes, taking care meanwhile (4) when 
the outward stroke is completed, the hands, turned edgewise 
to ensure the least resistance, are brought gently upwards 
and irnvards towards the sides, when they are ready fo r a 
fresh stroke. It is a recommendation of this mode of pro- 
gression that one, while the hands are down in the water, 
can raise his head and see where he is, and how, as to direc- 
tion, he is going. In the former case, ie., proceeding head 
first, one may secure safety and progress by (1) using the 
rotary motion of the hands already described, (2) pushing 
forth the feet from the body with the toes close and the soles 
fiat against, but completely under the water, or (3) employing 
both means simultaneously or successively. The last-named 
mode secures great speed, requires little exertion, and aflbrds 
intervals, even though brief, for alternate relaxation and 
rest. 

There are a good many sportive and fanciful methods of 
swimming occasionally employed in displays and matches, 
but tliese are generally more showy than useful, and many of 
tliem are the mere specialties of professional experts in 
aquatics — difficult to describe wuth accuracy. Hand-over- 
hand swimming is a rude practical means of progression, 
mostly employed by savages when they wish to swum rapidly ; 
but it requires great exertion and has little to commend it, 
except as a curiosity of the art. Swumming on the side is 
considerably more useful and enables tlie practitioner to make 
great speed when once acquired. The method may be briefiy 
summed up tlius : (1) raise the left shoulder towards the 
surface, (2) stretch forward the right arm along the surface, 
(3) hollow the palm, and (4) diW it back through the water 
towards the chest. Tliereafter (5) use the left arm, palm 
flat but thumb downw^ards, to push back like an oar the 
w^atcr towuards the feet, and (6) strike out with the feet in 
the usuaHvay. Alternate the strokes of the right and left 
hands ; but let the feet movements ahvays be made simul- 
taneously with the left hand ones. 

Treading the TI'A art of treading the water is 

simpler than it seems. If the body is laid on its back in 
fresh w'ater, the legs and the lower part of the body wuil 
gradually sink till it assumes an upright position in the 
wuiter. When in that posture, if the head be thrown quite 
back, the face will be floated so as to give free breathing. 
At every inspiration it will rise, and at every expiration sink 
an inch, but, as air is at least 800 times lighter than w^ater, 
so long as breathing is kept up the mouth will not be covered. 
Then by stretching out under the w’ater the arms, wiiich 
possess one-tentli of the buoyancy of the entire body, this will 
keep the person floating so long as the upright posture is main- 
tained. The balance of the body is efiiected and preserved by 
putting one foot before the other alternately as if walking, 
and so treading the water,” as in fig. 14. Some advise as 
a more invigorating exercise, and as peculiarly beneficial to 
sufferers from indigestion or constipation, a more active style 
of treading the w^ater than this. Their method is, when the 
body is completely immersed in the w^ater, the body perpen- 
dicular and the face turned fully upw^ard for free inhalation, 
to (1) cross the arms over the chest, (2) draw up the legs to 


the hips alternately, and (3) thrust each of them dowm again 
in turn with vigour. These motions act as a pow^erful and 
wdiolesome stimulus to tlie wliole of the vital functions of 


Fig. 14. 



the lower parts of the body, and the lower limbs are greatly 
strengthened. 

Diving . — Diving is the act or art of descending rapidly, of 
one’s owii accord, into w^ater, and calls for skill and cleverness 
in its adepts. Learners ought to be careful to dive at first 
in places where they know the water is neither too shallow 
nor too deep. If the former, they may injure themselves by 
coming too suddenly against the bottom; if the latter, sur- 
prise may overtake and disconcert. The safest plan is to 
choose a place witli the depth of which you are acquainted, 
to bend dowm till nearly doubled, to stretch out the arms over 
the head till the fingers meet; to lean over the water till the 
surface is almost touched, and then drop in. This will accus- 
tom you to the surprise felt, and let you know how the buoy- 
ancy of the water helps you to rise. Afterwards try a run- 
ning leap from the side into the water, following the previous 
directions, but doing all more quickly. A boat, a spring- 
board, may next be used to dive from, and then a ladder, 
from the steps of wdiich the diver may plunge, going higher 
as he improves and grows bolder. The expert diver repeat- 
edly raises his arms over liis head and draws them rapidly 
back, till the elbow's reach the side, This is done to expand 
the chest and improve the breathing. Putting the ends of 
his fingers and thumbs together, he then throws his arms, 
the hands being joined right above his head, bows his head 
between them with chin near the neck, curves his back con- 
cavely, stiffens and straightens Ms body, stretches his limbs, 
sets his feet close together, and so, all in the same straight 
line, forming a perpendicular statue-like figure— taking a full 
breath and closing his eyes— -he plunges, head foremost, cuts 
down into the water wnth no very great splash, and 
glides through it with the speed of an arrows till the impetus 
gradually exiiausts itself. Care must be taken that the hands 
form a wedge-like cut- water; that the head is so bent that 
the shock of the impact on the surface may be received on it, 
not on the chest or stomach, and that not the least alteration 
of the attitude of the body should occur as it enters the water. 
See fig. 15. 

Some swummers advocate diving feet foremost. In doing 
so the head is drawn back; the arms and hands are pressed 
close to the sides, palm irnvards; the thighs and legs kept 
close together, with the feet bent down, and the heels and 
toes firmly helcl together. Thusi, in a straightened compact- 
I ness, tlie body is dropped into the water with a safe entering 
d 
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impetus, not so graceful, but quite as effective, as the bounding 
header. ... 

We now, for use in remenibering the points in practice, 
number in order the elements of diving: — (1) Stand 
erect upon tlie bank or plank close to, or having the toes even 


Fig. 15. 



over, tlie edge or ledge ; (2) stretch the arms right up from 
the shoulders till the tingers meet over head and the ears are I 
covered ; (3) lower the head with the hands outspread before 
it ; (4) let the body fall head foremost into the water with 
the hands still joined as a safeguard and a cut- water to 
cleave it ; (5) curve the spine concavely as soon as the 
body is in the water, (G) throw the head up back in order 
that the body may the sooner rise to the surface, and then 
sti’ike out — whitliersocvcr you wish. 

In diving from a boat do so from the stern, where there is 
firmer footing, rather than from the side, where the footing 
is least favourable; and, by the by, ■when desirous of entering 
a boat from the water, do so at tlie stern too. When swim- 
ming toAvards the boat’s stern — unless a rope or a ladder is 
available— SAvim Avith the feet high, and Avhen grasping tread 
Avitli tlie feet to keep them up, otherAvise you may be sucked 
under the boat, or at least have your shins cracked against 
the boat Avhile making your way into it. 

riungmg resembles diving rather as a means of entering 
the Awater than in anything else. It is the art of gaining an 
impetus from making a spring or leap from a height above 
tlie surface of the water into it. To accomplish it neatly and 
poAverfully requires both skill and strength. The position 
taken may differ according to taste. The most important 
things requiring attention are— (1) that the point of poise 
should be the ball of the foot, (2) that the knees be kept 
close together and slightly bent, (3) that both arms be held 
backAvards, as in jumping, (4) that the lungs be fully charged 
Avith air and the chest inclined forAvard, (5) that the body be 
then crouched for a spring and the spring taken Avith the 
Avhole poAver of the frame, (6) that the arms be then swung 
forward from behind, thrown out in the direction of and 
beyond the head, and (7) that the head be dropped upon the 
chest so that the ears may lie between the biceps (see fig. 
16). When the body is fairly under Avater, lay the bands 
flat, interlock tlie thumbs and keep the arms stifly out- 
stretched in front of the head as far as possible. The 
slioulders are thus contracted and hollowed and the chest 


expanded. The hips, knees, ankles, instep, and toes are to 
be kept stretched out so as to liave the flat of the soles 
facing upwards to the surface. Tlie body, witli its muscles 
motionless and the limbs rigid, will, with the impulse gained 
by the spring, move floatingly along the surface so long as 
the breath keeps the body buoyant. AYlien the feet sink 
the force is spent, and the plunge is over. 

The plunge has come to be much used at the starting 
signal in sAvimming matches, and is, if the distance be short, 
of considerable advantage because it enables the adept to 
get clear of the crowd of starting competitors, Avho dive and 
do not plunge, and if done with skill and poAver carries the 
expert beyond the average of them before he begins to swim: 
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and thus he gets on Avith a clear course. It is also commended 
as likely to''be of great use in effecting an escape from a 
Avrecking vessel as affording a cliance of getting beyond tlie 
dangers of the drifting boats and the suction of the Avater if 
any Avere to sink. Bathers should at all times be careful as 
to the nature of the Avater into Avhich they plunge, and should 
carefully avoid that in Avhich there are beds of Aveeds, or 
strong currents or tides. What is principally to be guarded 
against in fresh Avater is the presence of cold springs. 

Experienced divers and swimmers — but these only — should 
occasionally practise their pastimes Avith less or more of their 
clothes oil, that they may be able, on emergency, to give aid 
even when so encumbered. Though AA^ater is some 800 times 
heavier than air, the water that saturates the clothes and 
feels so heavy AAdien Ave emerge, does not Avhile Ave are in the 
Avater affect us by its Aveight. It is rather the clinging of the 
AA^et garments that impedes. The ordinary strokes cannot 
be taken Avitli so much freedom, and require to be taken AAuth 
greater deliberation and somewhat more strongly, so that the 
muscular force may overcome the hindrance to their free 
motion, and should therefore be more decidedly and care- 
fully taken. 

In attempting to rescue a droAvning person, the SAvimmer 
should approaeli him from behind and endeavour to get a 
grasp either of the hair of the head or the upper part of the 
arms, so as to prevent him from closing Avitli or clutching the 
rescuer in a manner that Avould depiWe him of the poAver of 
using his arms or legs; for should the droAvning person once 
get a clutch of his Avould-be deliverer, the consequences might 
be fatal to both. Persons subject to cramp, or troubled Avith 
any heart affection, should on no account venture beyond 
the reach of aid, lest such should become necessary ; indeed, 
, it would be w^ell for such persons not to go beyond their 
I depth. 


PHYSICAL EHUOATIOH. 


CHAPTEE lY. 

.FOOTBALL. 

To tlie young, wliose vigour is fresh and whose need for prac- 
tical physical exertion is intensely felt, football commends 
itself as an attractive amusement. Its very dangers give it 
charm, and have a beneficial and educative influence upon the 
disposition. The strong endeavours, personal and combined, ^ 
in Avhich that game induces folk to work together for a 
common end, make it a favourite pastime ■with those who 
Avish to train -their muscles and to test their strength. It 
is not given to everyone to be a cricketer or a don at lawn 
tennis, but almost all who possess ordinary bodily power can 
manage to do something in “ the give and take ” of the famous 
game of football. It is, in its origin and essence, a simple 
strife of strength, a liealthy mimicjy of war, having some- 
thing to gain as a proof of prowess and a token of success. 
The ball itself is trivial, but the triumph in trial gives it 
worth. It is the evidence of superiority in stamina and 
perseverance. Onlookers at the competing players may 
think, as Waller says, that — 

“ Care of victory 

Makes them salute so rudely breast to breast, 

That their eiicoimtcT seems too rough for jest.” 

But the hardships, tlie roughnesses, and even the casualties 
undergone in the course of a game are rejoiced in. That 
this is the case can need no proof to any -who have seen the l 
enthusiasm evoked in a football contest got up in villages 
or country districts at Candlemas in Scotland or Shrovetide 
in England, where art, added to activity, but quite unfettered 
by aught except custom and tradition, filled players and 
spectators alike with fire and liveliness as effort and energy 
were "freely expended for the mere pleasure of the play. In 
these almost unhampered sports, the goals, the gaining of 
which ensured success, were generally some familiar objects 
not too far apart; a chnrcli, a mill, a bridge, a gate'way, 
a pillar, a garden-wall, the gable end of a cottage, or two 
well-knowui trees, served the purpose, while the roadway 
between formed the bounds of play. 

“Football as it is” has been hitherto engaged in and 
played under many differing “ codes.” Within the last half 
century efforts have been made to lessen provincialism of play. 
These have been received -Bith a good deal of favour. Some 
success has indeed attended the movement, but uniformity 
has not yet been entirely achieved. “The Bughy Union” 
and The Football Association ” are the two leading bodies 
wiio issue authoritative “ Buies for playing Football,” and 
the adherents of either form separate sects of Avrestlers 
for the bringing in of “the leathern sphere” to the goal. 

The recognized football season extends from 1st Sept, of 
one year to 30th April of the following one, and contests or 
iTiatches — except charity or practice ones— are discouraged 
in the intervening months. At the annual general meeting 
of the Football Association, held in the month of May in 
eacli year, the laws of the game are revised, and, where 
found necessary, amended; but these as then fixed do not 
come into force until the beginning of the football season 
next ensuing. The general meeting of the Bugby Union 
for the consideration of any proposals made for altering, 
rescinding, or adding to any of the bye-laws or rules is held 
in the month of March, and such amendments, additions, or 
alterations come into force in the subsequent season. Each 
club, duly connected with either corporation, is furnished 
with a copy of such bye-Ia'ws and laws, and the members of 
each body, respectively, are held bound neitlier to commit or 
permit any wilful infringement of them. The decisions come 
to at these meetings are generally reported in the public 
prints at the time, and these, as ■well as the text of the rules, 
will be found in the “Football Annual,” ^vith which every 
set of footballers should be provided. 

Like every other sport which has endeared itself to the 
heart of our nation, football involves a contest of power and a 
struple for success. It is made intrinsically attractive by the 
persistency and skill required, in the constantly changing 
phases of play, to keep up the apt competition necessary to 


I'score a victory. “ To gain a goal” is 'pa? e.veellencv a com- 
mon phrase for to win, by a combination of activity and 
ability in a fair .field, in an cqnally-conditioued contest, 

THE nUGBV GAAIE. 

The Rugby Football is a complete and complex systematic 
and, in some measure, scientific game. Its exhilarating 
open-air freshness, as ivell as the invigorating exercise it 
yields, have secured it a long tenure of public favour. Its 
educational effect in training to wholesome rivalry and 
speedy decisiveness of action is highly beneficial. It has been 
found an excellent pastime for growing youths, whose exu- 
berant vitality it works to good uses in the development of 
physique while the muscles are elastic and pliable, the joints 
flexible, the bones rich witli self-upbuilding force, and the 
spirit responds readily to stir and bustle ; and, if honestly 
played in accordance with the rules, it animates and enlivens 
every function of the frame favourably. 

The number of players in the Bugby game {^fifteen a side. 
Each fifteen constitutes a team — yoke-fellows true, whose 
object is to outdo the rival team. Each side is commanded 
by a captain, who acts as representative of his team, and 
regulates its play in relation to the rival team Avitli which 
it is to compete in the glowing game and on the field of play. 
His duty and right it is (1st) to assign tlieir respective 
places in the field to the players ; (2nd) to keep them in 
play, on their own side, in order that no one may be “ put 
off-side,” and so mar the game; and (3rd) to see that fair play 
is made by his o'wu side and given by his rivals, and to 
combine, in fact, dutiful discipline and cheerful efforts for 
his side’s success. He requires to see that his team makes 
its appearance in the field in good trim, fettle, and form, 
rightly equipped with their distinguishing dress and badges, 
and with no objectionable foot-gear. The Bugby rules enact 
that “Ho one •Blearing projecting nails, iron-plates, or gutta- 
percha on any part of his boots or shoes shall be allowed to 
2 }]ay in a match.” 

The hall — sometimes aptly called “the Footer” — for- 
merly used in the Bugby game, consisted of a strong ox- 
bladder blown to the requisite size and tenseness (by being 
filled with air), and then covered with thick close-fitting 
leather laced tightly round it. India-rubber bladders, as 
affording a better balanced ovalness of form, are frequently 
used, although they are regarded as being inferior, even 
when strongly cased and skilfully laced. The precise dimen- 
sions worked to by tlie best makers are thus vstatecl-— “ A 
ball, oval in shape, 11 to 11| inches in length; 30 to 31 
inches in circular length; 25 1 to 26 inches in circular girth; 
hand-sewm, with not fe^^r than eight stitches to tlie inch,” 
In weight it may vary from 13 to 14| ounces when it is 
placed dry on the ground ready for use. In case of mis- 
chances it is generally a wise precaution to have an additional 
hall or two at hand during a match. The dress worn — when 
not fixed by club rules or by common custom— should be 
of some light and porous woollen texture, made so loosely as 
to allow of the free and unconstrained movement of every 
limb and muscle, and yet closely adhering to the person. 

The Bugby Buies are numerous and technical, and require 
careful study. By those who are familiar with tlie history 
and practice of the sport as pursued by those who have been 
trained in Bugby the rules are readily understood, because 
experience and observation interpret the words in which 
they are couched. 

The preliminaries of the game are distinctly set down in 
the Rules of the Bugby Union. The first essential is a field 
of play so laid out as to afford accommodation for those who 
are to take an active part in the game, and so enclosed as to 
protect it against the intrusion of spectators and the inter- 
ruption of the play. In the annexed plan (next page) the form, 
dimensions, divisions, and dividing lines of the Bugby Field 
are shown and explained. Each goal is “ composed of 
two ix^nght posts, exceeding 11 feet in height, and placed 
18“| feet apart, with a crossbar 10 feet from the ground” 
(4)t “ this cross-bar the ball must be kicked directly 
from the field of pilay to obtain a goal” (5). “ In all matches 
two Touch Judges shall be appointed, and a Referee must be 
chosen -with the consent of the secretaries or the captains of 
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the respective contending bodies of players” (49). “The 
captains of tlie respective sides shall toss up before the com- 
mencement of the match ; the winner of the toss shall have 
the option of choice of goals or the kick off” (35). ‘‘ Each 

side shall play from either goal for an equal time” (34). 
The time most usually arranged is thirty-five minutes eacli 
way. “The referee shall be timekeeper, and on any questions 
of ^time’ his decision shall be final.” These matters having 
been settled the captains see (1) that the full-backs take 
their places in their respective goals, “for a safe and well-kept 


FLAN OF THE FIELD (Rugby). 


Q 

I 

^ ] 

P 

Q 


A 1 

1 

A 


T 




! 


F I E L D 


§ 


OF 

1 

O 

C 

P 











PLAY. 


Tj 



I 

T 

Q 

A 

1 


P 

1 ^ 


JSxpIannfion of Lhm and Leiters. 


A, A. Lines of Goal. r, r. Goal Posts. 

Q, Q. Touch in Goal t, t. Lines of l^ouch (110 yartls). 

goal is the foundation of all good play;” (2) that tlie other 
“backs” have deployed themselves iwoperly; and (3) that 
the “ forwards ” are well disposed in fighting form and trim 
to play tlieir part. The goal cliosen is that wliicli is to be 
defended against attack ; the kick-off, given at the commence- 
ment of the game, is the first act of aggression made by the 
assailants on the stronghold of their rivals, wdio hold 
their own half of the field clear, and are prepared to resist 
their antagonists in the warfare of the whirling ball. The 
toss-winner proceeds to the centre of the field, where 
the ball lies ready for a ^dace-hick — a kick at the 
ball “while it is lying in a nidi: or slight hollow made 
in the ground for the purpose of (1) keeping it at rest” 
(2) in the position lie nhshes it to occupy. The players 
on either side must stand at a proper distance from the ball 
until the kick has been given — viz., tlie kicker’s side dis- 
tinctly behind the kicker when it is kicked off, and the oppo- 
site side “ at least 10 yards in front of the kicker until it is 
kicked off” (32), otherwise “the referee shall order a scrum- 
mage ” (which will be explained in due course) to be formed. 
Prior to giving this kick-off the kicker-off may take a run 
of a few steps. As the assailed, the goal-holders act mainly on 
the defensive, that they may preserve, at all hazards, the 
citadel of which they have by lot been placed in charge, and, 
if necessary and possible, bear down upon their rivals and carry 
the encounter into their ground and against their goal. The 
aggressors, having taken precautions against such a siege, 
and being resolved to gain the goal into which they have 
undertaken to press, endeavour to maintain and improve the 
initiative already conceded to them in the kick-off by advanc- 
ing their main invading force into the ground of their re- 


sisters. They rebuff such inroads, and hurl back the ball 
with opposing energy. The spirit of rivalry is evoked. 
“ Forwards ” join issue with Forwards, prowess and skill are 
exerted with eagerness by each side, and the enclosed space 
on which the tournament is held speedily becomes busy with 
effort and counter-effort to secure the token of victory — a 
goal. Like true knights, however, footballers, eschewing 
savagery in their martial encounters, have agreed to moderate 
their zeal and civilize their sport by compact and regulation. 
Experience and reason prevail over haste and passion. If the 
ball kicked off does not go into touch and is got hold of with 
a “ fair catcli ” by any one of the opposite side, while no one 
on the catcher’s side has tonclied tlie ball, lie may instantly 
make a (dinted) mark with Iiis heel at the spot wdiere lie 
made the catch. This having been done, the player may 
either take (1st) a drop-kick, or (2iid) a punt, or (3rd) place 
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the ball for a place-kick (43). In every case of this sort, 
the players on the opposite side may come np to the dinted 
mark, and the catcher’s side retiring, the ball shall be kicked 
by him either from that mark or from a spot any distance be- 
hind it, in a straight parallel line with the touch-lines (44). 
“ A drop-l'ick is made by letting the ball fall from the band 
and kicking it at the very instant it rises” (1), and a 
“ by letting the ball fall from the hands and kicking it before 
it touches the ground” (3). In all cases, except out and 
a punt on [when allowed], “ the kicker’s side must be behind 
the ball when it is kicked, yet may not charge until it has 
been kicked ; ” but “ the opposite side, in the case of a punt 
out or a punt on, and the kicker’s side in all cases, may not 
charge until the ball has been kicked” (56). A charge is a 
rush or onset made by the attacking party where the ball is, 
either to kick the ball or to tackle any player who is holding 
or running with the ball. In the event of a tackle the 
holder or the runner “ must at once cry ‘ down,’ and imme- 
diately put the ball down” (18). If he does not instantly 
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fioiifonii to tlie la Wj or if lie, being on the ground, has not 
inirnediately got up, the referee “sliali, on a claim from the 
opposite side, award ^free-Mck; and this penalty-kick must 
bo taken in tlie manner described above as that taken by the 
gainer of a “fair catcli’’ (26 and 44). Such a free kick, 
if taken as a drop one, may be converted into a goal. 



A Free Kick. 


Having this general idea of the game before us we must 
now explain tlie organized order and respective duties appor- 
tioned to the several players. The teams are ordinarily 
thus arranged — one full-back, four three-quarter backs, two 
half-backs, and eight forwards. The last-named are the 
main strength of eacli side, and hold the open field. They 
may have allotted to them wing or centre play, as discretion 
and ability suggest; but though tliey may have been thus 
specialized, they must all work combinedly in facing their 
opposers. Half-backs liave to do most of tlie running and 
tackling, and should be alert, agile, and plucky. They 
go between tlie forwards and the three-quarter backs— play- 
ing from the one to the other as need and opportunity 
occur. Behind weak or losing forwards, they get hard work, 
and often hard words. An acceptable back ought to have 
a good understanding personally — and with his co-partner. 
When a scrummage (p. xviii) is on, one Half works it watch- 
ing the progress of the ball. In doing this, he should station 
himself about 2 yards behind, so that he may be able to 
seize the ball the very moment it emerges from the mixed 
melee, and pass it to bis colleague. He, standing back 
from 6 to 9 3 ’ards off, should be ready to receive it and 
to pass it to Three-quarters. To go too near the scrum- 
mage is dangerous, and to pick out the rolling leather 
from the scrummage involves p<cril. The worker should 
seldom himself try a run, lest his opponents turn and 
tackle him. When he throws a pass, he should let it 
be hard and low— just about waist height. He stops the 
rushes of his opponents when they have routed their rivals — 
often deftly throwing himself on the ball — always, however, 
with his head away from the pursuers, and packing the ball 
into his arm-pit. The ball he may sometimes throw to 
a near forward — anywhere in his twenty-five yards — who 
may convey it into touch farther domi the line. His throw 
should be short near his own goal and long near his opponents’,^ 
and in danger he should punt into touch. Three-quarters, 
in defence, should be good to kick, save, or tackle. Wary 
kicking for following up is best; short kicks rising over an 
opponent’s head are often advantageous. A three-quarters 
having the ball slionld run with the utmost speed, but if 
blocked should pass the ball when any one on his side is 


more favourably placed for going in and gaining. He may 
often swoop on an opposing forward by a rush from tlie side 
at right angles. The full-back should be a skilful and well- 
practised kicker, able to punt or drop with either foot un- 
failingly. The former is generally the safer, and his en- 
deavour should be to make the hall land in touch. He 
should be a judicious tackier. 
A brisk and clever tackle 
generally puts a stop to a 
run. An opponent who has 
evaded or broken throngii 
the three-quarters should be 
. tackled — but let it not be 

done with arm round the 
neck, at the shoulder or waist 
— in a word, never tackle 
high — tackle low, mostly 
round the legs. 

When an unlawful charge is 
made by any of the opposite 
side — before the player having 
the ball commences to run or 
offers to kick or the ball has 
touched the ground — the 
referee may award a free- 
kick. A free-kick may also 
be claimed “in case any player 
touches the ball wilfully when 
off-side “ if any player when 
off-side tackles, or in any way 
interferes with an opponent 
before such opponent has run 
6 yards or taken his kick;” 
“if, on a throw-out from touch, 
tlie ball shall be knocked on.” 
In these cases the alternative 
is allovred of claiming that a scrummage should be formed 
(23, 30, 41). 

The scrummage is regarded as one of the most distinc- 
tive features of Rugby play. “A scrummage takes place 
when the holder of the ball, being in the field of play, puts 
it down on the ground in the front of him, and ail those who 
have closed round on their respective sides endeavour to push 
their opponents back, and by kicking the ball, to drive it in 
the direction of the opposite goal-line.” It is usually now 
formed by eight forwards on each side. These arrange them- 
selves into two rows — a front and a back one— sometimes four 
in each; at others, three in front and five in rear. Occasion- 



ally, especially when the forwards on one side are weak and 
the three-quarter backs are known to be trustworthy, nine for- 
wards are put on to balance the heavier force of more muscu- 
lar forwards, and then they form four in front and five in 
In interlocking for a scrummage, the utmost com- 


rean 


pactness is advisable.^ Judicious matching in height is an 
important point, for the duty of each scrummager is to sliove 
his hardest and wariest, and tins can only be well done when 
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force is opposed to force as directly as possible. ^ Tlie players 
keenly hemming in the ball, on-side and off-side form a 
swaying agitated mass; all the technical dexterity in “drib- 
bling” the ball and passing it on from one to another is 
now required, and all the might of a shoulder-against- 
shoulder struggle occurs. Players iu the front row should 
take care that their rivals do not get under tliein, because, 
by the purchase they tlius gain, tlieir grower of push wiil 


be relatively much increased. To manage to give the first 
shove is an advantage. To secure solidity of mass and 
unity of pressure it is indispensable to have both feet 
firmly planted. The front row should exert themselves 
to the utmost to gain the ball and pass it on immediately 
to the second row, who should see to its being driven right 
tbrougli in a proper direction and at a safe point for the 
backs'^ to possess tlieraselves of it. Meanwhile they must 



A Scrnmmag’e. 


keep a keen eye on the play, that the ball may be either 
kept in or brouglit into their own side, and yet carefully 
preserve their oji-side ; for if any one enters a scrummage 
from his opponent’s side he is off-side and “out of the 
game” (21). After careful consideration, heeling-out from 
a scrummage is, by recent decisions, allowed, and is sometimes 
found to be advantageous, if judiciously done, especially when 
the scrummage takes place near the goal of one’s rivals. If a 
screw is put on, the pressure of the push should be such 
as to get tlie rival side away from the ball, and having 


A—Scrummaof B~Screw 



succeeded in this, dribble the ball to the half-back. Then 
their co-partners in the scrummage may turn round and 
form a back row to them; for forwards do not now-a-days 
confine their main efforts to the scrummages, but take part 
in nearly the whole game. They are ready, when opportunity 
arises, to take and drive and pass the ball as best suits the 
exigencies of the game, following up every kick, spreading 
themselves out, and prepared on the instant to conform to 
the go of the play with skill and zeal. The ideal form of 
a scrummage— -seldom realized in practical field play — may 
be regarded as assuming a sort of diamond form, arranged 


three in front, fotcr in the hack row, and one acting as a 
general reinforcer, as in the annexed diagram [A], When 
the scrummage is in process of being screwed — each side 
striving to push the other off the ball and to kick it 
within reach of their waiting half-back — it may. assume 
a changed appearance as one or other of the contending 
parties manages to shove its rival (more or less) from the 
object of contest, which may be represented by diagram 
[B]. Ill the former the ball is shown about to be thrown 
in by half-back (1). Having committed it to its fate, he 
retires behind to watch its issue from the scrummage, so 
that, as soon as it emerges, at whatever point, he may pass 
it towards his colleague half-back (2) on the lookout for it. 
The latter shows the direction in which the half-back on either 
side should pass the ball, whichever happens to gain it. Iu a 
scrummage it is not lawful to touch the ball with the hands 
under any circumstance. If any one intentionally either 
handles the ball or falls down on it the referee may award a 
free lich (14), though “ a player may take up the ball when- 
ever it is rolling or bounding, except in a scrummage ” (12). 
When the back sees the ball leaving the scrummage, he 
ought to work it by well-guided dribble and pass down the 
safest wing side. If the ball is middled, the centre forwards 
will alertly pounce upon the leather, and hot work will ensue. 
When a player is hemmed in he should, if possible, punt over 
his opponents’ heads; but unless some player, who was behind 
Mm when he kicked, is ready to rush up and dispute posses- 
sion, any long kick given makes the ball practically the 
opponents’, unless it goes in touch. A ball is “in touch’ 
when it enters “ that part of the field on either side of the 
ground which is beyond the line of flags”' — i.e., the touch-lines. 
When that occurs “it must be taken back and thrown out 
again.” He who played it “into touch” “must then himself, or 
the half-back of his own side, either (1st) bound the ball in the 
field of play, and then run with it, kick it, or throw it back 
to his own side, or (2nd) throw it out at right angles to the 
touch-line, or (3rd) walk out with it at right angles to the 
touch-line a distance of fifteen yards, and there put it down 
-—haying first declared that he intends to walk out ” (28). 
A fair catch may be rightly made while the ball is in the 
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air, but in no ease sliould a player take up the ball from 
or touch it on the ground by the hand, unless to lift and 
carry it in order to be kicked in any allowable way, as a 
drop^ a 'placBy^ punt, &c. However, ‘^a catch made when 
the ball is thrown out of touch is not [deemed] a fair catch” 
(31), and “if the ball be not thrown out straight, the oppo- 


site side may at once claim “not straight,” and a scrummage 
is formed at 5 yards’ distance from the touch-line. In a 
“throw out of touch” into play the players on each side line 
•out in a straight line, with their faces turned towards the 
thrower, who faces them directly. 

“ A scrummage ceases to be a scrummage wlien tlie liall 
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A Throw-out. 


is in touch or goal” (11). A maul in goal (which is a 
specific scrummage) occurs when a ball is held inside the 
goal-line, and one of the opponents’ side tries to touch it 
down in goal. Those players only who are touching the ball 
with the hand when the maul begins, and only so long as 
they retain their touch (though only with one hand), shall 
continue in the maul. The ball shall be touched down when 
the maul is concluded, and shall, unless the opposite side 
have gained entire possession of it, belong to the side which 
first had possession of it; but if it has entirely escaped from 
the hold of all parties, it shall belong to the defending side 
(19), and so gives them a try. Even though a try occurs 
when half-time or no side is called, the kick at goal shall be 
allowed (50). 

“A goal may be obtained by any kind of kick [of the ball] 
except a puntf and a goal is gained only on the ball being 
kicked directly from tlie field of play {ie., without touching the 
ground or the dress or person of any player of either side) 
over the cross-bar letweeTi the goal-posts, whether it touches 
such cross-bar or the posts or not; but if the ball goes directly 
over either of the goal posts, it is not a goal” (5). This is the 
straightforward course of a general game, though there may 
occur a few side-issues which it is not very easy to describe or 
define concisely in good set terms, but a correct knowledge 
of which can be readily acquired when seen in practice. 
“When a goal has been obtained, the side which has lost 
the goal shall have the right of kick-off” (40) ; and “ when 
goals have been changed at half-time, the side which did not 
kick-off at the commencement of the game shall then kick- 
oft'” (3*7). “A try at goal is gained when a player touches 
the ball down in his opponents’ goal” (6). A match is de- 
cided by the majority of points; a goal shall equal three 
points, a goal gained by a kick from a “penalty kick” tioo 
points, and a try one point; when, however, kicked from a 
try, the goal only is scored (7), If the number of points be 
equal, or no goal kicked, or no try obtained, the match is a 
drawn one. 


THE ASSOCIATION GAME. 

Association players say that the simplicity of the sport, 
gains greatly by adherence to the origin and derivation of the 


name of the game. It is/ooMl, and kandUng'-Le.y play- 
ing the ball with the hand or arm— should not be permitted 
in any circumstances. Their rules forbid the use of the 
hand by any player except the goal-keeper, and that under 
restriction, when defending his goal. They prohibit the use 
of foot-gear likely to hurt by ordaining that — “Ho player 
shall wear any nails, excepting such as have their heads driven 
ill flush with the leather, or iron plates, or gutta-percha on 
the soles or heels of his boots or on his shin-guards. If bars 
or studs on the soles or heels of the boots are used they shall 
not project more than half an inch, and shall have ail their 
fastenings driven in flush with the leather. Bars shall be 
transverse and flat, not less than inches in length and 
half an inch in width. Studs shall be round in plan, not 
less than half an inch in diameter, and in no case conical or 
pointed. Any player discovered infringing this rule shall be 
prohibited from taking further part in the game” (11). 

The ball used in Association football is not oval, like that 
of the Bugby game, but round. This obviously secures 
greater accuracy in kicking, and makes a more directly 
scientific game possible. This ball, which is made of India- 
rubber inflated and covered with strongly sewn leather- case, 
tightly laced, must be between 27 and 28 inches in circum- 
ference, and when piit upon the ground for play dry, between 
13 and 15 ounces in weight. A large field, common, or 
park forms the most suitable sort of place for a regular 
competitive game. The most competent authorities agree that 
the football field should be laid out as shown on next page, and 
have either the dimensions under-given, or proportionals of 
them such as may best answer in the space available. The 
law of the Association requires that “The limits of the 
ground shall be — maximum lengthy 200 yards ; minimum 
length, 100 yards ; maximum hreadth^ 100 yards; minimum 
breadth, 55 yards. The length and breadth shall be marked 
off' with flags” (1). It is imperative to have “the touch 
and goal lines clearly defined,” and therefore the field of 
play is usually lined off with whiting or sawdust when 
the touch and goal lines are not permanently cut on 
specially prepared or private club-grounds. At each corner 
I of the field a flag-staff or post, not less than 5 feet high, 

! with a flag on it, should be placed. “The centre of the 
1 ground sliall be indicated by a suitable mark.” A line 


tx 


fHYSiCAL EBUOATroN. 


is dmwn across tlie field at twelve yards’ distance from 
each goal. In the event of any player on the defending 
side tripping, pushing, or back-charging any of the opponent 
players between this line and the goal, a penalty-kick is 
awarded to tlie attacking side. The kick thus awarded may 
be taken from any point in the 12 yards’ line, and all players 
on either side, except the defending goal-keeper and the 
kicker-off, must be at least 6 yards nearer the centre of the 
field than the 12 yards’ line until the ball is kicked. Even 
the goal-keeper must stand at 6 yards’ distance from the 
ball A line defining the 6 yards from the goal-posts shall, 
it is enacted, also he marked out.” “The goals shall be 
upright posts, placed 24 feet apart, and have a bar across 
them 8 feet from the ground, and to win a goal the ball must 
pass hetioeen the goal-posts tmcler the bar.” The object of the 
opposing teams of players is tlie same as in all football — to drive 

A PLAN OF AN ASSOCIATION FOOTBALL FIELD, 

INDICATING POSITION OF PLAYERS ON EACH SIDE, 

55 to 100 yards. 



Goal, wide and S feet high. 

Length of Field, 100 to 200 yao'ds, 
Eadms of Centre Circle, 10 yards. 


the ball into their rivals’ portion of the field and to force for it a 
passage through their goal The number of each teiwi is eleven. 
One of these is captain of the players and director of the 
game on his side. The members of each team are usually 
arranged thus : five forwards, three half-backs, two backs, 
and one goal-keeper. Their places on the field are ordinarily 
those shown in the above diagram, viz., the up-pIayers, to 
whom the right of kick-off has fallen, bring their forwards 
towards the centre of the field — through which a centre line 
has been drawn, and round the mid-point of which a circle, 
having a radius of 10 feet, has been described. At the centre 
the ball is placed ready for the kick-off. Along the central 
line the forwards range themselves, three within the circle 
and one on each side of it, or the wings. Immediately be- 
yond the circle the three half-hacks extend themselves, and 
at a little distance in front of the goal-line, which is 12 ^ards 
from the lines of goal, the two backs station themselves, and 


the goal-keeper as custodian of the goal Their opponents being 
prohibited by rule from being nearer the ball to be kicked off 
than 10 yards, dispose themselves round but outside of tlie 
upper segment of the centre-circle, their half-hacks, backs, and 
goal-keeper taking similar relative places behind them to 
those occupied by their rivals. The kick-off must be made in 
the direction of the goal of the opponents of the kicker, and 
cannot he played back towards his own goal In the case 
of the ball going out at the side of the field, and so being put 
out of play, great care requires to be taken in the act of 
throidng in — its being returned to the field and restored 
to in flay. This must be done by one of the players on tlte 
side opposite to that of the player wlio put it out. Tlie 
throw can be made in any direction the thrower chooses, but 
he must face the field directly, keep both his feet on the side- 
line, and project the ball with both hands over his head into 
the field. When a ball goes over the line at the goal- end of 
the field, if it was last played by the attacking side, a goal 
kick is awarded — 1^’., a place kick taken by one of the de- 
fending side from any point within 6 yards of the goal but, 
if last played by the defending party, a corner kick is 
awarded. This is a place kick taken by one of the attacking 
side from a point distant less than one yard from the nearest 
corner-fiag. Should the ball be kicked beyond the goal-line 
and so go into touch in goal, very much tlie saine thing 
requires to be done. 

Heading. — The “header” is useful both for preventing 
and obtaining a goal. A back wlio is a good lieader may 
be the means of saving his goal when the ball is too higli to be 
kicked. In the same \vay a forward may, by catching it with 
his head, convert into a goal wliat w'ould otherwise liave 
been only a goal kick. Of course heading may be indulged 



in at any time, but its usefulness is most seen when a free 
or a corner kick has been awarded, as then, if the players 
understand each other, the kicker may raise the hall so as 
to enable the header, who is w’aiting the opportunity, to 
place it into goal, and the movement is generally so quick 
that the goalkeeper seldom has a chance to save it. 

The respective duties of the members of each team are 
as follows, viz. — 

1. GoalJceeper , — This player is the guardian of the 
garrison ; his position is in goal, and his duty is to defend 
the goal and by all right means to keep the ball from getting 
through it. He is the only player on his side who is allowed 
to use his hands in playing the ball. He may punch, catch, 
hold, throw, or kick — but must not carry the ball Going 
two yards with the ball in his hand is reckoned carrying, and 
the penalty imposed for such an act is the granting of a free- 
kick to the opposing side. 

2. Bachs. — Of these tiiere are two. They stand in front 
of the goalkeeper, whose assistants they are in defending the 
goal against their assailants; and their duty is to play their 
best for that purpose. Tliey tackle the forwards of their 
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o|>poiiont.s, deprive tliein, if possible, of tlie ball, and drive ifc 
back towards tlieir opjMjnents’ goal 
^ X JIaiJ'‘backs.--^TliQYe are three balf-backs. Their posi- 
tion is in front of the backs. Their part in the game is to 
tackle tlie opposing forwards and play in the ball from them 
lo^Yards their own forwards, so as to enable them by individ- 
ual dribbling or Gonibined passing to take the ball towards 


their opponents’ goal, and of course assist the backs in resist- 
ing the invasion of their own goal. 

4. Forivards , — The jive forwards are generally thus dis- 
posed : — One in the centre — the centi'e forward; on his 
right — the right wing ; and tim on his left — the left wing. 
The forwards are the main fighting forces qf their own side 
— the leaders in the attack or defence as the case may be. 



Defending the Goal. 


Tlieir business is to gain or retain the ball in the due course 
of tiie play, and so to manage it by skilful personal effort 
and combined adroitness of foot to outwit the opposing party 
and to propel it forwards th rough their ranks, until it passes 
fairly and safely through the goal defended by their rivals. 
Their feet sliould be nimble and trusty ; tlieir kicking smart 
yet safe ; their tactics not dodgy but varied ; their passing 
well-timed and neat ; their charging brisk, even brusque but 


not ill-natured, and their following up close and mutually 
helpful, yet careful in avoiding off-side or other penalties. 
Proficiency in the art of dribbling and passing, dexterity in 
playing to wing or centre, in evading antagonists and work- 
ing into the way of colleagues without collision, deftness 
in flexure of anlde, sureness and force of foot in kicking 
give gusto to the game. Dribbling, though always pi'etty to 
look at, is not now so much countenanced by the leading 







Dribbling. 


clubs, as it tends to selfishness among the players when 
combination is what is ivanted off them. At the same time 
a good dribbler, who should also be a swift runner and a 
good goal-scorer, may be very effective, and may be the means 
of obtaining goals by his own exertions that could not be 
got by combination. Sometimes from the very moment 


of the kick-off the ball is driven on towards the opponents’ 
goal. It would seem as if victory ivas certain: the half- 
backs are passed, the backs appear likely to be evaded, 
and then, only the goalkeeper will require to be overcome. 
But an expert kick from a back turns its course to the 
centre again. Purious attack and fierce defence alternate — 
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fortune wavers as to wliich will win, and the excitement 
increases. Skill and strength are exerted on each side to 
the utmost. Then it goes beyond the power of the backs 
to keep it from the goal, the goalkeeper may succeed in 
warding off the threatening defeat, and anew the -warfare 
is waged. But at last a goal is achieved or half-time 
is called; and, sides being changed, the fight is renewed. 
When, however, two renowned teams ' meet in contest, 
the play may continue with such incessant come and go, 
that the ball is never got to goal at all during the whole 
allotted time of an hour and a half. Contrariwise it has 
occasionally happened that four goals have been scored in 
ten minutes, three in seven minutes, and a score of three 
goals has even been made in four minutes. 

Ho hacking — Le, intentional kicking — or hacking over, or 
tripping is allowed, and no player is at liberty to use his 
hands or arms for holding back or pushing over an adversary. 
All charging should be done with a full front and not 







Charging. 

from behind, unless a player is standing with his back to- 
wards his opponents' goal, and even then his adversary 
“must not charge by leaping upon him” (14). 

As, in the Association game, no holding, pushing, tripping, 
hacking, or carrying (except in the two yards licence of the 
goalkeeper) is allowed, any breach of the rules upon these points 
being reckoned a “foul” or fault, on the commission of which a 
free kick is awarded to the opponents of the defaulter’s side, 
the play is much simplified and less dangerous. Again, as no 
scrummages take place, onlookers can see the skill of foot 
displayed by the players throughout the entire course of the 
game, and follow it with knowledge and interest, while the 
players themselves run less risk of injury. Hence the game 
is generally more rapidly finished, with less fatigue to the 
players and probably less tedium to the spectators. 

It may be useful to readers of notices of athletic sports, 
as well as to players in them, so we shall now present a brief 
analysis of those Association rules wiiich are similar — or 
very nearly so— to the Rugby ones : — Law 1 regulates 
“the limits of the ground” and the stracture of the goals; 
2 enacts the method in which the game is to be begun; 
and 3 determines how and when “ ends shall be changed ” 
and nearly coincides with Rugby’s 39 and 4. The manner 
in which “a goal shall be won” is declared in 4, which 
is almost equivalent to Rugby 5. When the ball goes 
“in touch,” 5 decides how it is to be treated, and' 6. the 
conditions to be observed in playing it — these may be- com- 
pared with Rugby 31-35. Similar instructions are in 7 
given regarding the ball in “touch in goal;” and Rugby 21, 
41, and 42 deal witih the same subject. Carryings knocking 


on, and handling the ball are prohibited, except under cir 
cumstances stated in 8; tripping or hacking in 9; in 10 thf. 
kind of feet-gear disallowed is described ; and 16 provides that 
“ in the event of any infringement of rules 2, 5, 6, 8, 9, or 
10 a free kick shall be forfeited to the opposite side from the 
spot where the infringement took place. Such infringe- 
ments are called “ fouls.” 

The following “ Definition of Terms ” is subjoined to the 
Association kicking an adversary inten- 

tioimlly. Handling, playing the ball with hand or arm. 
Holding, the obstruction of a player by the hand or any 
part of the arm extended from the body. A Flme Kick 
is a kick at the bail when it is on tlie ground, in any position 
in which the kicker may choose to place it; and a Free 
Kick is similarly placed, so that “ when it is lying on 
the ground none of the kicker’s opponents are allo-wed to be 
within 6 yards of the ball; but in no case can a player be 
forced to stand behind his owm goal-line.” Knocking on 
wdien a player strikes or propels the 
ball with his hands or arms. Trip- 
throwing an adversary l)y 
the use of the legs. To these de- 
finitions w^e may add the following, 
wiiich are implied in tlie regula- 
tions: — In touch, beyond the field 
boundaries. Kick-off, a place-kick 
made from the centre of the ground 
at the commencement of a game. 
In play is said (1) of a ball which 
is fairly in the field, and (2) of a 
player who is strictly following up 
in accordance 'with the rules. Out 
of play is said of a ball wdiich is in 
touch, until it has been thrown in, 
and of a player when he is nearer 
the opponents’ goal than such a ball 
thrown in; or who is in any way 
before the ball while it is being 
Ijlayed towards the opponents’ goal, 
unless there are three or more of 
his opponents nearer their own goal 
line than lie is ; or who is nearer 
to a ball, that is in place for being 
kicked, than six yards, unless it is 
being kicked from the goal-line. 
A Corner-flag Kick is one given 
by a player of the opposite side 
to any other who lias kicked the ball behind his own 
goal-line. 

While many admire football as an excellent means of 
developing physical strength, endurance, and activity, they 
regret its tendency towards accidents and bruises. An 
endeavour has recently been made to introduce a substitute 
which may retain most of the recreative qualities of that game, 
yet avoid the greater part of the dangers and risks attending 
it. It is played like Association football, by eleven on a side 
— five forwards, three half-backs, two full backs, and a goal- 
keeper — on grounds 100 yards long and 50 wide; borders 
of the longer length are called sfc/e- lines and the shorter ones 
,^oo!Wines. The goals may, by agreement, resemble either the 
Rugby or the Association ones. The object of the game is 
that each team should make as many goals as possible by 
driving the ball through their rivals’ goal in two half-games, 
each of thirty- five minutes’ duration, seventy minutes in all 
The ball shall average in circumference between 27 and 28 
inches. This ball is to be played by a racquet, which shall 
not exceed 4 feet in length, and the unfilled-in oval throwing 
end 14 inches long and 7 wide. With this racquet the ball 
may be dribbled, passed, and thrown, but not carried. Even 
if the ball should be caught in the oval of the racquet, it 
must be instantly set free, and neither hands, head, feet, nor 
any part of the body, sliould be used to propel the ball. Ho 
goal obtained in any other than by fair racquet play can be 
counted as won. It is not permissible for any player with 
racquet or otherwise to hold, trip, push, shoulder, punch, 
charge, or try to overthrow an opponent; nor shall any one 
attempt tp strike the ball across the body of any player 
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Iiaving possession of the ball Sucli offences place the players 
‘‘offside.” If any player attempts to put the hall through 
the opponents’ goal when there are less than three of the 
opponents between him and the goal when he begins to play 
tlie hall, is deemed “ offside,” and his play is disallowed. 
The winner of the toss shall start the game by playing the 
ball from the centre of the field — none of the players on 
his own side being in advance of him, nor any of the oppon- 
ents’ players nearer tlie ball than 5 yards. If the ball is by 
any one played beyond the side lines, a throw-in, in any 
direction, will be given to the opposite side; and if a player 
pass the ball over the goal-lines, a corner throw-in from the 
angles of the side goal-lines — no player being nearer than 
5 yards to the thrower-in. Should any intentional breach 
of any of the rules of the game be committed, a^ free shy at 
goal shall he allowed the opposite side from the place at which 
the infringement occurred — the 5 yards’ distance rule being 
acted upon. The inventor of “the game of goal-hall,” A. Alex- 
ander of Liverpool, claims that in it “the ball can be dribbled 
faster than in football, passed more accurately than in hockey, 
thrown more easily and distinctly than in lacrosse, while the 
shooting at goal is more certain and frequent than in Associ- 
ation and Rugby.” He commends it as a game valuable for 
improving and preserving physical strength, and, while 
culturing skill, interesting spectators and giving pleasure to 
players. 

Some of the wisest advocates of recreative sport — con- 
cerned more about health and enjoyment than prizes and 
profit — have long felt that if football, like cricket, were made 
a game having a universally recognized code of accepted laws 
and regulated practice, its utility and advantage as an amuse- 
ment would he much increased, and think that few things could 
more conduce to the success of this aim than the preparation 
of a plain and easy directory for the game, arranged in a 
progressive series, in which beginners could play(l) a pre- 
liminary or elementary game, involving the knowledge and 
practice of kicks and catches, dribbling and passing, runs 
and tries, and the less intricate modes of gaining goals ; 
(2) an intermediate or secondary game, bringing into the 
field some of the finer peculiarities of play — e.g. the stricter 
regulations of touch, wing, and central play, and a more definite 
fixing and arrangement of the fielding; and (3) a match 
and club game par excellence^ incorporating in its play 
the full scientific method with all its definitions, rules, 
styles, &c., acknowledged and operative — yet the whole 
three forming a connected educative scheme, each part 
trained for joining, on due proof of efiiciency, the higher 
divisions of the football course of study and practice, 
ivhich would enable the players to take part in this fine 
national open-air pastime, anywhere they might be, in their 
owm grade of the game. This a well-chosen committee of 
tlie members of the Rugby Union and of the Football 
Association might advantageously plan and propose, and 
thus supply the best possible foundation for a progressive 
recreative football, w'hich might he sanely recreative, yet, 
if thought desirable, would afford scope for (1) taking honours 
by amateurs and (2) exhibiting the skill and mastery of 
professionalism. 


CHAPTER V. 

OEICIvET — SINGLE AND LOUBLE WICKET. 

Dean Hole of Rochester claimed for cricket “ priority over 
all other games” — as “a manifestation of strength under the 
control of science,” as “ a triple alliance of ej^e, hand, and 
brain,” and “ for that marvellous, precise, subtle power which 
was given to the hand and wrist ” by it. Few games have 
attained so high a place in popular regard, and so beneficially 
link together recreation and education. Cricket is as highly 
valued as a summer amusement as football is as a winter 
game. It is now-a-days not only the great national pastime 
of England, hut has been adopted by countries over sea, and 
flourishes everywhere it goes, as a finely organized form of 
practical physical culture such as has never been excelled in 
quality. 

Everybody need not know the genesis of cricket nor the 


ancient history of the game, the songs that are sung, the 
tales that are told, the sayings and doings of cricket dons, or 
the epic in which it is glorified; but all should know and 
possess the laws codified originally by the Alarylehone Club 
in 1784, and which remain as the statutes and ordinances of 
cricketers, though with successive modifications In small 
details found to be advisable in the changed circumstances 
of the times, and in the experience of those who know and 
see most of the results of the playing alike in hatting, howl- 
ing, wicket-keeping, and fielding. The secrets of cricket 
craft are only able to be learned by close observation and 
sedulous practice ; watch well, reflect carefully, exercise tire- 
lessly and under critical eyes if possible, take notes as to 
successes and non-successes and the probable causes of each, 
observe the laws of health and good humour, study the rules 
of the game thoroughly, and whether at single or at double 
wicket you will not only have hut give pleasure at the wicket 
or in the field. A good game well played is the foe of gloom. 

Cricket is played in two forms — I. Single Wicket^ in which 
there is used one of each of the following requisites — viz. 
hall, bat, and wicket, a howling crease, and a popping crease. 
At it any number of players not exceeding seven or eight, 
arranged in two sides, may play. II. DcuUe Wicket, which 
is played with two balls, bats, and wickets, two howling 
creases, and two popping creases. The players form two 
sides, of which one shall consist of eleven, hut the other — 
though usually confined to the same number — may be ex- 
tended to any number mutually agreed upon. The laws of 
single wicket are much fewer and simpler than those fixed 
for double wicket. 

The laws of Single Wicket are as follows; — (1) “When 
there shall he less than five players on a side, hounds shall 
be placed distant 22 yards each, in a line, from the off and 
the leg stump.” (2) “ The hall must be hit before the bounds 
to entitle the striker to a run, wdiich run cannot be obtained 
unless he touch {a) the bowling stump, or (5) the bowling 
crease, in a line with his bat or some part of his person, or 
go beyond them” \i.e. the howling crease or the stump], 
“ returning to the popping crease, as at double wicket accord- 
ing to law xxi.,” whicli enjoins that if “in running, the wickefe 
be struck down by a throw, or by the hand or arm (with hall 
in hand} before his [the runner’s] bat in hand, or some part 
of his person, be grounded over the popping ci*ease,” the 
runner shall be “ out.” (3) “ When the striker shall hit the 
ball, one of his feet must be on the ground and behind the 
popping crease, otherwise the umpire shall cry No hit.” (4) 
“ When there shall he less than five players on a side, neither 
hyes nor overthroivs shall he allowed, nor shall the striker be 
caught out behind the wicket, nor stumped out.” (5) “ The 
fieldsman must return the hall so that it shall (g) cross the 
play between the wicket and the bowling stump, or (§) be- 
tween the bowling stump and the hounds — the striker may 
run till the ball he so returned.” (6) “After the striker 
shall have made one run, if he start again, he must touch 
the bowling stump and turn, before the ball cross the play, 
to entitle him to another run.” (7) “ The striker shall be 
entitled to three runs for ‘ lost ball,’ and the same number 
for ball stopped with bat, with reference to laws xxviii, 
and xxxii.” — the former providing that if “ more have been 
run before ‘ lost ball ’ shall have been called, then the striker 
shall have all that have been run,” and the latter that “ if 
any he run he shall have five in all.” (8) “When there 
shall he more than four players on a side, there shall be no 
bounds. All hits, byes, and overthrows shall then be allowed.” 
(.9) “ The howler is subject to the same laws as at double 
wicket, ix.-xiii.” [see p. xxiv]. (10) “No more than one 
minute shall he allowed between the howling of each ball.” 

It will he seen that driving in front of the wicket must he 
the main stroke of the single-wicket batsman, as the hall 
must be hit lefore the hounds — ix. 22 yards each in a line 
from the stumps. As the striker (by Rule 3) cannot move 
beyond the popping crease, and must therefore have the hall 
howded up to him so far that he can drive it without leaving 
his ground, he cannot rightly drive a slow ball without going out 
of his ground. This makes the game rather dull for the players 
and uninteresting to the onlookers, as compared with a douhle- 
wicket one. Hence single wicket is much less frequently 
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played now lliaii foriuerly. In country districts where there 
are few players, and where j)ractice in bowling, batting, and 
fielding is desired, it should he kept up. Indeed, no one 
need hope to enter into a cricket team of any note unless he 
has acquired considerable expertness with ball and bat, and 
agility in running, catching, and throwing. Cricket practice 
in country villages and on .town commons or public parks 
may be made very useful in athletic culture, with a little 
su])ervision and encouragement. 

In Doxille WieJeet the rules declare that — (1) a match is 
played between two sides of eleven players each, unless other- 
wise agreed to; each side has two innings taken alternately — 



1 Bowler. 

2 Wicketkeeper. 

3 Long slop. 


4 Sliort slip, 

5 Point. 

6 Long slip. 


u u Umpires. 


7 Mid-wicket. 

8 Long off. 

9 Cover point. \ 

B B Batters. 


10 Long on. 

11 Leg, 



except in the case provided for in law liv., which decrees 
that “ the side which goes in second shall follow their innings 
if they have scored eighty runs less than the opposite side.*^ 
On the last day of a match, and in a one-day match at any 
time, the ^?i-side may declare their innings at an end. (2.) 
The score shall be reckoned by runs. A run is scored-— a. 
so Often as the batsmen, after a hit, or at ^ any time while the 
basil is ^*in play,’’ shall have crossed an^ made good their 
ground from end to end ; 5. for penalties under laws xvi,,. 
xxxiv., xli;, and allowances under xHv., which refer 


ball,” and “ boundaries.” Any runs so scored shall be duly 
recorded by scorers appointed for the purpose. The side 
which scores the greatest number of runs wins the matcln 
Ko match is won unless played out or given up, except in 
the case provided for in law xlv., which instructs the 
umpires that “ they shall allow tivo minutes for each striker 
to come in, and ten minutes between each innings ; ” and 
adds— “When they shall call ^play/ the side refusing to, 
play shall lose the match.” [It is further enacted in this 
connection by law L, that “if either batsman run a short 
run, the umpire shall call “ one short,” and the run shall not 
be scored.] 

The disposition of the team and the distribution of its 
members to tbelr several stations as batsmen, bowlers, wicket- 
keepers, and fieldsmen fall to be determiiied by the Captain 
of the respective sides, or by previous arrangement among 
the players and agreed to by all parties. The annexed dia- 
grams will give a general idea of the arrangement of the 
players. 

Before the wickets, one at either set, stand the batsmen, 

B B, who alone of their side are engaged in the game so 
long as they can keep in. They take guard and block, 
standing just within tlie popping creases. It is thcii 
duty to preserve their wickets intact, by astute defence, 
against the endeavours of their opponents to have either of 
them declared “out” in any of the events circumstantially 
defined in laws xvi., xxxii. At one of the sets of wickets 
the bowler appears, places “ one foot on the ground behind 
the bowling creases and within the return crease [law xi.], 
and having, as he may if he chooses, required the batsman 
at the wdeket from which he is bowling to stand on that side 
of it which he may direct [law xv.], he proceeds to deliver 
the ball towards tlie other set of wickets with the design and 
duty of hitting it or having it legally hit if he can, and .so 
get the batsman out. He, to prevent this, blocks, and so 
stops the ball with his bat, or so hits the ball, that it is sent 
flying into some part of the bounds which he thinks is ill- 
guarded by any of the fielders, and, if he succeeds in this, 
trying to exchange places with the other batsmaiiVand so 
scoring a run (or more) before the ball is returned. If tlie 
ball should hit the v/icket, or if, though hit by the bat, it 
should be held by some fielder before it touch tlie ground, or 
if it should be returned to either end of the pitch, and should 
hit the wicket before the running batsman has readied the 
wicket and grounded his bat within the popping crease, he 
is declared out. “ Outs ” are technically defined by laws 
XX., xxxii., under special descriptive names, as bowled, 
caught, stumped, leg before wicket, hit wicket, obstructing 
the field, hit the ball twice, and handled the ball. Behind 
the wicket towards which the bowler delivers the ball the 
wicket-keeper stands. His duty is to stop the ball if it 
should pass the wicket unhit by the batsman, or, if hit, to 
receive it when returned by the fielders, and to use it, if 
possible, to put the striker' out. But, by law xiii., if the 
Avicket-keeper shall take the ball for the purpose of stumping 
before it has passed the rvicket, or if he shall incommode the 
striker by any noise or motion, or if any part of liis person 
be over or before the wicket, the striker shall not be out, 
except under laAvs xxvi., xxx. The other fieldsmen are 
ijie assistants of the bowler and Avicket -keeper to “ out ” the 
batsman. A substitute batsman may be allowed under 
certain conditions, Avluch are defined and stated in laAvs 
xxxvL, xl. The balls must be delivered in “overs” of 
five from each Avicket alternately. When five balls have 
been boAvled and the ball is finally .settled in the hoAvler’s or 
the wicket-keeper’s hands, the umpire shall call “ over ” — 
but neither a “no ball” nor a “Avide” shall be reckoned as 
one of the over. The same process goes on again till the 
innings are closed, and the second innings proceed in the 
same AA^ay. Here folloAv the names, Avith a note of the re- 
spective duties, of the other persons engaged in match-com- 
petitions at cricket: — 

Umpires . — The duties of the umpires are clearly and 
strictly defined in rules 6, 14, 36, and 45, and the 
“B-ules” ought ahvays to be at hand for ready reference 
in case of any dispute regarding their interpretation. The 
; cihief -qualifications of umpires are — (1) a good knowledge 


